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Schafer & Associates
(406) 587-3478 ' 865 Technology Hud.
FAX (406; 587-0331 • P'° Box 6I86

Bozeman. MT 59715

November 9, 1991

Mr. Pat Plantenberg
Department of State Lands
Hardrock Mining Bureau
1625 Eleventh Avenue
Helena, Montana 59620

Dear Pat:

Enclosed are two copies of Water Quality Data Report No. 3 summarizing the results
of the third round of water sampling at the W.R. Grace vermiculite mine near Libby. Data
for this report was collected July 2, 1992. Please forward one copy to Tom Reid at the
Water Quality Bureau.

We are late with this report because we have been trying to get the final design for
the tailings impoundment completed. However, there is very little new information in the
data. We continue to see the highest mass flows of asbestiform fibers originating below the
tailings dam in Lower Rainy Creek indicating that mine reclamation efforts will probably
have minimal impact toward reducing asbestos fiber counts. The fourth and final baseline
sample was collected last month and we should be getting results back on it soon.

W.R. Grace has committed to annual sampling for a period of three years (longer if
required) to assess post reclamation success. When Water Quality Data Report No. 4 is
released, we should determine which time of year would be most appropriate for the annual
sampling. I would also like to reevaluate whether all sites and parameters need to be
sampled and analyzed. Each sampling event has resulted in expenditures of about $6,000
just for analytical tests. We would like to reduce this level of expenditure and concentrate
on those sites and parameters which have the most significance.

If you have questions or comments please call.

Tom Hudson
Project Manager

-Environmental Solutions for Water, Waste, and Land-
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1.0 BACKGROUND

The W.R. Grace vermiculite mine near Libby, Montana was closed in the fall of 1990.
As part of the reclamation and closure, particularly as it applies to areas around the tailings
impoundment, W.R. Grace submitted to the Water Quality Bureau a proposed Water
Quality Monitoring Plan in September, 1991 (Schafer and Associates, 1991). The purpose
of the Plan was to establish post-closure water quality data as a means of monitoring the
performance of facility reclamation measures.

The plan calls for water sampling at several locations in the Rainy Creek drainage
as shown on Figure 1.1. Contingent sampling on the Kootenai was proposed if initial data
on Rainy Creek indicated any potential health concerns. Four sampling campaigns were
proposed for the first year to assess seasonal variations in water quality. Additional annual
sampling campaigns for a minimum of three years following closure were also proposed.
The first sampling event took place in mid-November, 1991 and the second in late March,
1992. Results from these sampling events were reported in Water Quality Data Report No.l
and No. 2, respectively. This report presents the data from the third sampling event
performed on July 2, 1992.
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2.0 METHODS

Conditions at the time of sampling were generally cloudy and relatively cool for this
time of year with a high during the day of about 70° F. There were short periods of light
intermittent rain throughout most of the day. The Rainy Creek diversion was not in use; all
of Rainy Creek flowed in the natural drainage into the tailings pond. The tailing pond
surface water was significantly lower than on previous sampling trips and no water had
discharged from the decant tower since monitoring began.

Sampling methods were outlined in the Water Quality Monitoring Plan (Schafer and
Associates, 1991) submitted in September, 1991 and modified slightly in the field as
described in Water Quality Data Report No. 1 (Schafer and Associates, 1992). Once again
Site SW-1, Upper Rainy Creek above the diversion dam, was not sampled because the entire
Upper Rainy Creek flow could be sampled more effectively at SW-11.

The preservation techniques and analytical methods used are summarized in Table
2.1. All samples were stored and shipped on ice. Metals were analyzed as the "total
recoverable" form according to procedures outlined in Standard Methods for Examination
of Water and Wastewater (APHA, 1985).

2 - 1



Table 2.1. Summary of sampling and analytical methods for water samples.

'̂ ip'llnp

•J'd îmjibnent;::'';:
li^'HV^- *%<&.;¥$&&

IDS

TSS

Asber.t. Fibers

Hardness

Alkalinity

NO3-

S0«2

cr

F-

Ca

Mg

Na.

K

CO,-7/HC03-

•:P Analytical £11
|i::|||Nl̂ iK6||li|

EPA 160.1

EPA 160.2

EPA-600/4-83-043

EPA 130.2

EPA 31 0.1

EPA 353.2

EPA 375.3

EPA 325.3

EPA 340.2

EPA 21 5. 1/200.7

EPA 242.1/200.7

EPA 273. 1/200.7

EPA 258.1/200.7

EPA 31 0.1

|:;W;im

jGpmpppenil.

TPH

Cu

Zn

Cd

Pb

Hg

Fe

As

Ni

Cr

;:̂ Preseryation/i:|
•::-:-:|.̂ bHjtalfter|||l

H2SO4/Glass

HNO3/PE

HN03/PE

HNCyPE

HN03/PE

HNO3/PE

HNO3/PE

HN03/PE

HNO3/PE

HN03/PE

H;Ni:¥Arialyticlill:;i.;
:;ilil̂ ethp|ll||l:

EPA 41 8.1

EPA 220.1/200.7

EPA 289.1/200.7

EPA 213.1/200.7

EPA 239.2/200.7

EPA 245.2

EPA 236.1/2C0.7

EPA 206.3

EPA 249. 1/200.7

EPA 21 8. 1/200.7

;lil Still! IJl!.?M:̂ ^̂ iiiteMli II lit-!! 1
l/ljp^mli.
'•'.• ' ''.-:••'•:'•:'• :-:'•':•:•.-.•.':•.":".•:•:•: :: -:
•'•'.- .\.\-'.-'- • .'•••':'••: :-:••••• :: ::- •••••.

Flow

PH

EC

DO

Temp.

Ill !illil:;Mlthof 1 1 j| llf 1

Pygmy current meter/ Baski

Field pH meter

Field EC meter

Field D.O. meter

Field meter

EPA procedures are described in 40 CFR Part 136, Table B. Procedures for asbestiform fibers are described in 'Analytical Procedures
for Determination of Asbestos Fibers in Water" (EPA-600/4-83-043).
Samples were acidified to a value less than 2.0. The TPH sample was collected in a 1 L glass bottle; metals were collected in 500 ml
polyethylene (PE) bottles.
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3.0 PRESENTATION OF DATA

Results of the July 2, 1992 sampling are summarized in tabular form as follows:

• Table 3.1 is a summary of field parameters including pH, electric conductivity (EC),
temperature and flow.

• Table 3.2 is a summary of metal analyses including selected heavy metals and major
cations.

• Table 3.3 is a summary of miscellaneous analyses for various anions, petroleum
hydrocarbons, hardness, etc.

• Table 3.4 is a summary of asbestiform fiber analyses.

Raw analytical data from Energy Laboratories and EMS Laboratories used to
prepare Tables 3.2, 3.3 and 3.4, are included in Appendix A and B, respectively.
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Table 3.1. Field data summary.

isjTENb. •;.:.;

SW-1

SW-2

SW-3

SW-4

SW-5

SW-6

SW-7

SW-8

SW-9

SW-IO

SW-116

PW-1

PW-2

:;:: •: .v;. ';='• f :'}' 'f. ;̂ :J: f pESCRIPTlb|l r ^ ^r : • '' : V: -:k£ ^
•̂ •: ;: •'; ̂ \'M^-'-*'-^:-^^';"'---' •.•••^'^"^.' : : ' • • ' . ;:-; ^ -: '•.•'">

Upper Rainy Creek above diversion dam

Fleetwood Creek above coarse tails

Upper Carney Creek at Zook's Dump

Lower Carney Creek above Rainy Creek

Tailings dam toe drains

Tailings pond outfall (surface water sample, only)

Lower Rainy Creek leaving mine property

Lower Rainy Creek above Kootenai River

Kootenai River above Rainy Creek

Kootenai River below Rainy Creek

Rainy Creek flow into tailings pond

Tailings Pond pore water

Groundwater near SW-1 1

iKpH'-.V.:
:>:;#u)--.v;

;;;.j/:Jpf ;:••••;}
(mrrihbs/crn)

;v TEMP :;
•••' •'' iPf^V" •'•"'•'.... .. (,i,)..: : ......

FLdW
*•(&&(

'^b-6v.*r&
•^tiprii'm

Not Sampled

8.32

8.12

8.45

7.21

8.34

7.97

8.15

0.48

0.71

0.54

0.53

0.17

0.54

0.52

9.5

8.9

9.8

8.1

13.9

11.6

8.9

0.301

0.002

0.1 12

1.201

0.00

1.301

2.291

Not Sampled4

Not Sampled4

8.24 0.39 6.8 0.241

Not Sampled

Not Sampled

Flow measurement was made with a Pygmy current meter.
Flow measurement was made with a Baski cutthroat flume.
Dissolved oxygen was not measured.
Samples of the Kootenai River were not taken as discussed in the Water Quality Monitoring Plan.
The original Water Quality Monitoring Plan did not include this site. Rainy Creek reestablishes itself between the diversion dam and the
tailings impoundment.
Field pH probe failed. Measurements were made in the lab one day later.
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Table 3.2. Laboratory data summary for metals.

SITE NO-
.': '. .' ' V :

-.m '•'

SW-1

SW-2

SW-3

S\rtM

SW-5

SW-6

SW-7

SW-0

SW-8

SW-9
1

SW-10

SW-11

PW-1

PW-2

•;;;;:;.;DESCRÎ tlON •.;;:;; f

Upper Rainy Creek
above diversion dam

Fleetwood Creek
above coarse tails

Upper Carney Creek
at Zook's Dump

Lower Carney Creek
above Rainy Creek

Tailings dam toe
drains

Tailings pond surface
water

Lower Rainy Creek
leaving mine property

Blind Control
(Replicate of SW-7)

Lower Rainy Creek
above Kootenai River

Kootenai River above
Rainy Creek

Kootenai River below
Rainy Creek

Rainy Creek flow into
tailings pond

Pore water from
tailings

Groundwater near SW-
11

£?*fc:;

:.:• (mg/Ov
.':'Cd>.'.

(mg/l) i
••:;c':- •:'•
:. JlTig/l) V

•v:-Ciii:^.
• (iiig/l) : '.

: " f e - - - "
• (mg/i).

".' Pb
(mg/O;

;-;":Hg-{',
••: :(mg/l). .

: : i -N i=-==:
: (mg/l): .:

^ •^zn-:;--
•••(mg/l) :

/••.•K-.::';.
(*rig/ij::

'•^Ns*-:';

vJiTig/l).
:̂ ;;Ca^:

!:(mig/i);;
f$y%
•(rrig/ij-

Not Sampled

<0.001

0.001

<0.001

0.005

0.002

0.002

0.002

0.002

<0.001

<0.001

<0.001

<0.001

<0.001

< 0.001

< 0.001

<0.001

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

0.05

0.81

0.04

0.04

<0.03

0.19

0.30

0.42

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.0001

<0.0001

<0.0001

< 0.0001

< 0.0001

<0.0001

<0.0001

< 0.000 I

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

0.04

0.03

0.03

0.01

<0.01

0.03

0.03

0.02

7

10

11

9

4

9

10

9

5

7

9

6

4

6

7

6

85

106

89

88

16

77

78

79

16

28

28

24

6

24

24

22

Not Sampled

Not Sampled

0.001 < 0.001 <0.01 <0.01 <0.03 <0.01 <0.0001 <0.03 0.03 4 3 66 11

Not Sampled

Not Sampled
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Table 33. Laboratory data summary for miscellaneous constituents.

•••:::SITE:':T;'
V..:-'NO.:-:;:';;

SW-1

SW-2

SW-3

SW-4

SW-5

SW-6

SW-7

SW-0

SW-8

SW-9

SW-10

SW-11

PW-1

PW-2

'\v:::::dEsbR|PTioN::;f;:-:
:

• - : • • • . • • . . . . " : ' . ' . • :'-': '' • • •• : .' .:':"••'.'•'
- . - • • . . .:':'' :'.""••-•" -: " • •-.'•: "•••

Upper Rainy Creek
above diversion dam

Fleetwood Creek
above coarse tails

Upper Carney Creek
at Zook's Dump

Lower Carney Creek
above Rainy Creek

Tailings dam toe
drains

Tailings pond surface
water

Lower Rainy Creek
leaving mine property

Blind Control
(Replicate of SW-7)

Lower Rainy Creek
above Kootenai River

Kootenai River above
Rainy Creek

Kootenai River below
Rainy Creek

Rainy Creek flow into
tailings pond

Pore water from
tailings

Groundwater near
SW-11

.::.st>;?.-

...i'jmg/lj ''•'•••

:::^i;;u
: (Tig/!i: ":•

'• OO3*;'.
.•(mg/0;:::

Hco3-r
...:.:• ("is/') : •

;;J0Si;r
/.jmg/lj ;:

•/Tss'^
, : (mgyi).

.Hardness
: : . : (mg^ ...:...

Alkalinity:
.; :Umg/!) •

.:'N03S::.:(mg/l):;:.'.

"--•. ' .' '. :•.•:

.•::::P.V;::.
! ("19/0.;

vtPH;:::
;:' %.*!''.

Not Sampled

15

8

22

9

7

13

12

12

4

2

2

5

2

8

8

8

0

0

10

0

0

0

0

7

353

513

414

408

80

365

346

348

335

423

363

349

90

308

280

217

<1

2

<1

<1

14

2

<1

1

279

381

335

320

65

290

292

289

289

420

356

334

65

299

283

297

<0.05

<0.05

0.29

<0.05

<0.05

0.07

0.08

<0.05

0.22

0.18

0.18

2.9

0.33

2.1

2.1

1.7

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

Not Sampled

Not Sampled

5 <1 0 275 211 <1 211 225 <0.05 0.13 <0.1

Not Sampled

Not Sampled
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Table 3.4. Laboratory data summary for asbestiform fibers.
v:"sif£::.:::
•H-^v-v

SW-1

SW-2

SW-3

SW-4

SW-5

SW-6

SW-7

SW-0

SW-8

SW-9

SW-10

SW-11

^^E^CRî inpNv:̂

Upper Rainy Creek
above diversion dam

Fleetwood Creek
above coarse tails

Upper Carney Creek
at Zook's Dump

Lower Carney Creek
above Rainy Creek

Tailings dam toe
drains

Tailings pond surface
water

Lower Rainy Creek
leaving mine property

Blind Control
(Replicate of SW-7)

Lower Rainy Creek
above Kootenai River

Kootenai River above
Rainy Creek

Kootenai River below
Rainy Creek

Rainy Creek flow into
tailings pond

DETECTION
: LIMIT

;:p.;:(MFL)*r.':;

.FIBERS; •
'."'.' <'5//riii:

^MLJ*:.'.:

:::;'i FIBERS';' •;:;
" . • : • • *5jjm:':-t-':

:';M: (lyiFL)*

.-•FiBERsfc
>Wfjm
(MFL)*::

W'FiBER^
;' 'MASS?
:. :(A/g/D::

Not Sampled

0.4

9.8

0.2

0.1

2.5

1.5

0.6

4.5

26.8

548

10.7

0.14

267.5

64.5

45.0

270

6.3

108

3.6

0.14

32.5

19.5

10.0

22.5

3.1

118

1.1

0

27.5

10.5

7.5

18

52

1600

24

0.7

550

420

280

340

Not Sampled

Not Sampled

0.1 0.1 0.1 0 0.3

MFL = Million fibers per liter
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4.0 DATA ANALYSIS

The significant findings of this sampling event are as follows:

Streamflow was slightly less than in the spring. This is reflected in those sites subject
to surface runoff by somewhat higher levels of dissolved solids. There is some
indication that Fleetwood Creek may have less seasonal variation than Rainy Creek
and Carney Creek.

Zinc concentrations, although above detection limits at most sites, were all uniformly
low. The November sampling had indicated potential areas of elevated zinc
concentrations but we have not been able to reproduce this result since.

Asbestiform fiber counts returned to the pattern measured in November, 1991 in
which most fibers appear to originate in lower Rainy Creek. The Carney Creek fiber
count is highly variable and is probably affected by runoff rates.

The tailings pond surface water sample once again showed substantially different
chemical properties than other samples. It has consistently had much lower dissolved
solids content. We have speculated on the possibility of dilution through surface
runoff or rainfall and on purification by freeze/thaw cycles. On this sampling round
there was evidence of chemical precipitation in the form of a white sediment on the
bottom of the pond in the area sampled. It appears that some mechanism other than
dilution is at work.

A mass flow schematic diagram for the sampling area is presented in Figure 4.1 for
selected parameters.

Table 4.1 compares measured water quality values to existing standards. These data
show the same trends which have been noted in earlier reports.
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SW-1 rNot Sampled!
FLOW(ds)
TDS (kg/day)
Fe (kg/day)
As (kg/day)
Zn (kg/day)
S0« (kg/day)
F "(kg/day)
ribers (Q/davl

UPPER
RAINY

CREEK

RAINY CREEK
DIVERSION

SW-6
-LOW (cfel
rDS (kg/day)
Fe (kg/day)
As (kg/day)
Zn (kg/day)
SO t (kg/day)
" (ko/davl
:.bers (a/dav)

SW-11
:LOW (c(s)
IDS (kg/day)
re (kg/day)
As (kg/day)
In (kg/day)
3O, (ka/dav)
"(kg/day)
:ibers (a/dav)

0.24
124

<0.02
.0006

0.02
3

0.08
0.2

FLEETWOOD CREEK

SW-2
=LOW (cfe)
TDS (ko/dav)
-e (kg/day)
As (kg/day)
Zn (ka/dav)
SO, (kg/day)
- "(kg/day)
ribers laldavt

0.30
246

0.04
<.0008

0.03
11.0
0.16

38

DRAIN FLOW

. « b , . 10 n.e*»

^W-5
-LOW (c(s)
FDS (kg/day)
-e (kg/day)
As (kg/day)
Zn (kg/day)
SO i (ka/dav)
"(ka/dav)
:ibers fo/dav)

1.20
1026
0.12
.015
0.03

26
3.5
21

SW-7
-LOW (ofs)
IDS (kq/dav)
:e (ko/dav)
As (ka/dav)
Zn (kg/day)
3O« (kg/day)
" (ko/day)
îbera (o/dav)

1.30
892

0.60
0.006

0.10
41.4
6.7

133B

/.;.
*~

V
\
\i

LOWER

RAINY
CREEK

,
<

'-A \/:^\ V

^-l/m^if'

k>

/
X/1

YsX-" "-

fOS (ko/dav)
=e (kg/day)
As (ka/dav)
Zn (ka/dav)
3O 4 (ka/dav)
r" (ka/dav)
;ibera fa/dav)

11
35
31
)3
IS
9
5
5

*.J
1217
2.35

0.011
0.11
67.3
9.5

1908

SW-3
=LOW (cfs)
IDS (kg/day)
Fe (ko/dav)
As (ka/dav)
Zn (kg/day)
SO4 (ka/dav)
:" (ko/dav)
Fibers fa/davl

0.002
2

0.004
000005
0.0002

0.04
0.0009

7.8

KOOTENAI RIVER

Figure 4.1 Schematic flow diagram of the Rainy Creek drainage with mass flow
measurements for selected components.

4 - 2



Table 4.1 A comparison of measured water quality data with drinking water standards.

^vColriisrt'itueni: •••:

..:,. ••:; ;: : :.:•.•.,.:•:".•• : •;.;.; ;; • :'

As

Cd

Cr

Cu

Fe

Pb

Hg
Ni

Zn

Asbestos (MFL)

SO4'
2

cr

N03'

F

pH (su)

IDS

o^i .Meawred v'' v
Concentration

t::';:;;:;iv;'-Rahgie>;":;̂ ;:;;;:

::,,•.:,:;-.•;...•:,., :.;:-: (m

< 0.001 to 0.005

<0.001

<0.01

<0.01

<0.03 to 0.81

<0.01

< 0.0001

<0.03

<0.01 to 0.04

<0.1 to 118

5 to 22

<1 to 8

< 0.05 to 0.29

0.1 3 to 2.9

7.21 to 8.45

90 to 423

^v^Primaiy-J-;; :.:;;.;'.
• Drinking Walter

;i-v ̂ Standard] ^

g/l except as note

0.05

0.0051

0.1 1

0.05

0.005

5.0

7.01'2

10.0

^-.r'Setohdairy ;:::>'.
^brlnklng V/ater ;
^•• .̂•Staridard;̂ ;;1-.:

dy:v:-;;:^j:^4:::

1.0

0.3

250.

250.

2.0

6.5 to 8.5

500.

.:;';:LocatFpn\of;Sampie;yr
••; '<•'• ; with Maximum ' 'j^
•;̂ : ':. Cbncentratibri :^!;

:;"^>:.,:,:iv -; :. : "••://;:••:••:.

SW-5

All

All

All

SW-3

All

All

All

SW-2

SW-3

SW-4

SW-7 and SW-8

SW-4

SW-5

SW-5(min); SW-4(max)

SW-3

1 These standards were added or revised effective
2 Fiber counts are based on fibers greater than 10

than 3:1.

July 1992.
microns in length with an aspect ratio greater
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APPENDIX A

ENERGY LABORATORIES DATA REPORTS



, ENiRBY ENERGY LABORATORIES, INC.
LABORAWRIfS I P'°- BOX 30916 ' 1107 SOUTH BROADWAY . BILLINGS, MT 59107-0916 • PHONE (406) 252-6325

/ FAX (406) 252-6069 • 1-800-735-4489

LABORATORY REPORT

TO: Tom Hudson LAB NO.: 92-26055
ADDRESS: Schafer & Associates DATE: 07/27/92 crp

P.O. Box 6186
Bozeman, MT 59715

WATER ANALYSIS

SW-0-1
Sampled 07/02/92

Submitted 07/07/92

Constituent ma/1 (ppm)

Potassium 10
Sodium , 7
Calcium 78
Magnesium 24
Sulfate 12
Chloride 8
Carbonate 0
Bicarbonate 346
Total Dissolved Solids (§> 180°C 280
Total Suspended Solids < 1
Total Hardness as CaC03 292
Total Alkalinity as CaC03 283
Nitrate plus Nitrite as N 0.08
Fluoride 2.1
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals

Arsenic 0.002
Cadmium < 0.001
Chromium <0.01
Copper <0.01
Iron 0.30
Lead <0.01
Mercury < 0.0001
Nickel <0.03
Zinc 0.03

Analysis done by EPA method 418.1.



ENERGY LABORATORIES, INC.

LABORATORIES P.O. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 • PHONE (406) 252-6325
FAX (406) 252-6069 • 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Tom Hudson
Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.
DATE:

92-26056
07/27/92 crp

WATER ANALYSIS

SW-2-1
Sampled 07/02/92

Submitted 07/07/92

Constituent mq/l (ppm)

Potassium 7
Sodium 5
Calcium 35
Magnesium 16
Sulfate 15
Chloride 4
Carbonate 0
Bicarbonate 353
Total Dissolved Solids @ 180°C 335
Total Suspended Solids < 1
Total Hardness as CaC03 279
Total Alkalinity as CaC03 289
Nitrate plus Nitrite as N <0.05
Fluoride 0.22
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons* . <0.1

Total Recoverable Metals

Arsenic < 0.001
Cadmium <0.001
Chromium <0.01
Copper <0.01
Iron 0.05
Lead <0.01
Mercury < 0.0001
Nickel <0.03
Zinc 0.04

Analysis done by EPA method 418.1.



ENERGY LABORATORIES, INC.
P-O. BOX 30916 • nor SOUTH BROADWAY . BILLINGS, MT 59107-0916 • PHONE (406) 252-6325

FAX (406) 252-6069 • 1-800-735-4489

LABORATORY REPORT

TO: Tom Hudson LAB NO.: 92-26057
ADDRESS: Schafer & Associates . DATE: 07/27/92 crp

P.O. Box 6186
Bozeman, MT 59715

WATER ANALYSIS

SW-3-1
Sampled 07/02/92

Submitted 07/07/92

Constituent mg/l (ppm)

Potassium 10
Sodium 7
Calcium 106
Magnesium 28
Sulfate -. 8
Chloride 2
Carbonate 0
Bicarbonate 513
Total Dissolved Solids @ 180°C 423
Total Suspended Solids 2
Total Hardness as CaC03 381
Total Alkalinity as CaC03 . 420
Nitrate plus Nitrite as N <0.05
Fluoride 0.18
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals

Arsenic 0.001
Cadmium <0.001
Chromium <0.01
Copper <0.01
Iron 0.81
Lead <0.01
Mercury < 0.0001
Nickel <0.03
Zinc 0.03

Analysis done by EPA method 418.1.



ENERGY LABORATORIES, INC.

LABORATORIES P.O. BOX 30916 • 1107 SOUTH BROADWAY . BILLINGS, MT 59107-0916 • PHONE (406) 252-6325
FAX (406) 252-6069 • 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Tom Hudson
Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.
DATE:

92-26058
07/27/92 crp

WATER ANALYSIS

SW-4-1
Sampled 07/02/92

Submitted 07/07/92

Constituent mg/l (ppm)

Potassium 11
Sodium 9
Calcium 89
Magnesium 28
Sulfate '. 22
Chloride 2
Carbonate 10
Bicarbonate 414
Total Dissolved Solids @ 180°C 363
Total Suspended Solids < 1
Total Hardness as CaC03 335
Total Alkalinity as CaC03 356
Nitrate plus Nitrite as N 0.29
Fluoride 0.18
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals

Arsenic < 0.001
Cadmium <0.001
Chromium <0.01
Copper <0.01
Iron 0.04
Lead <0.01
Mercury < 0.0001
Nickel <0.03
Zinc 0.03

Analysis done by EPA method 418.1.



ENERGY LABORATORIES, INC.
LABORATORIES P.O. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 « PHONE (406) 252-6325

FAX (406) 252-6069 • 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Tom Hudson
Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.
DATE:

92-26059
07/27/92 crp

WATER ANALYSIS

SW-5-1
Sampled 07/02/92

Submitted 07/07/92

Constituent mg/l (ppm)

Potassium 9
Sodium 6
Calcium 88
Magnesium 24
Sulfate 9
Chloride 5
Carbonate 0
Bicarbonate 408
Total Dissolved Solids @ 180°C 349
Total Suspended Solids < 1
Total Hardness as CaC03 320
Total Alkalinity as CaC03 334
Nitrate plus Nitrite as N <0.05
Fluoride 2.9
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals

Arsenic 0.005
Cadmium <0.001
Chromium <0.01
Copper <0.01
Iron 0.04
Lead <0.01
Mercury <0.0001
Nickel <0.03
Zinc 0.01

Analysis done by EPA method 418.1.



fNfRGY
LABORATORIES

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 • PHONE (406) 252-6325

FAX (406) 252-6069 • 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Tom Hudson
Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.
DATE:

92-26060
07/27/92 crp

WATER ANALYSIS

SW-6-1
Sampled 07/02/92

Submitted 07/07/92

Constituent mq/l (ppm)

Potassium 4
Sodium 4
Calcium 16
Magnesium 6
Sulfate 7
Chloride 2
Carbonate 0
Bicarbonate 80
Total Dissolved Solids @ 180°C 90
Total Suspended Solids 14
Total Hardness as CaC03 65
Total Alkalinity as CaC03 65
Nitrate plus Nitrite as N <0.05
Fluoride 0.33
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals

Arsenic 0.002
Cadmium < 0.001
Chromium <0.01
Copper <0.01
Iron . <0.03
Lead <0.01
Mercury < 0.0001
Nickel <0.03
Zinc <0.01

Analysis done by EPA method 418.1.



ENERGY / ENERGY LABORATORIES, INC.
IJiRHRJITORIFS I p-°- BOX 30916 * 1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 • PHONE (406) 252-6325
M-figfunfituni*.̂  i FAX (406) 252-6069 • 1-800-735-4489

LABORATORY REPORT

TO: Tom Hudson LAB NO.: 92-26060 dup
ADDRESS: Schafer & Associates DATE: 07/27/92 crp

P.O. Box 6186
Bozeman, MT 59715

QUALITY ASSURANCE - DUPLICATE ANALYSIS

SW-6-1
Sampled 07/02/92

Submitted 07/07/92

Constituent mg/l (ppm)

Potassium 4
Sodium 4
Calcium .' 16
Magnesium 6
Sulfate 7
Chloride 2
Carbonate 0
Bicarbonate 83
Total Dissolved Solids @ 180°C 84
Total Suspended Solids 14
Total Hardness as CaC03 65
Total Alkalinity as CaC03 68
Nitrate plus Nitrite as N <0.05
Fluoride 0.32
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons* N/A

Total Recoverable Metals

Arsenic 0.002
Cadmium <0.001
Chromium <0.01
Copper <0.01
Iron <0.03
Lead <0.01
Mercury < 0.0001
Nickel <0.03
Zinc <0.01

* Analysis done by EPA method 418.1.



ENERGY LABORATORIES, INC.

LABORATORIES P.O. BOX 30916 • 1107 SOUTH BROADWAY . BILLINGS, MT 59107-0916 • PHONE (406) 252-6325
FAX (406) 252-6069 • 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Tom Hudson
Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.
DATE:

92-26061
07/27/92 crp

WATER ANALYSIS

SW-7-1
Sampled 07/02/92

Submitted 07/07/92

Constituent mg/l (ppm)

Potassium 9
Sodium 6
Calcium 77
Magnesium 24
Sulfate : 13
Chloride 8
Carbonate 0
Bicarbonate 365
Total Dissolved Solids @ ,180°C 308
Total Suspended Solids 2
Total Hardness as CaC03 290
Total Alkalinity as CaC03 299
Nitrate plus Nitrite as N 0.07
Fluoride 2.1
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals

Arsenic 0.002
Cadmium < 0.001
Chromium <0.01
Copper <0.01
Iron 0.19
Lead <0.01
Mercury < 0.0001
Nickel <0.03
Zinc 0.03

* Analysis done by EPA method 418.1.



ENERGY LABORATORIES, INC.

LABORATORIES P.O. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 « PHONE (406) 252-6325
FAX (406) 252-6069 • 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Tom Hudson
Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.
DATE:

92-26061 spi
07/27/92 crp

QUALITY ASSURANCE - SPIKED ANALYSIS

SW-7-1
Sampled 07/02/92

Submitted 07/07/92

Constituent % Recovery

Potassium 103
Sodium 95
Calcium 96
Magnesium 97
Sulfate •. 99
Chloride 103
Carbonate N/A
Bicarbonate N/A
Total Dissolved Solids @ 180°C N/A
Total Suspended Solids N/A
Total Hardness as CaC03 N/A
Total Alkalinity as CaC03 N/A
Nitrate plus Nitrite as N 96
Fluoride 107
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons* N/A

Total Recoverable Metals

Arsenic 106
Cadmium 98
Chromium 94
Copper 97
Iron 95
Lead 94
Mercury 105
Nickel 95
Zinc 93

Analysis done by EPA method 418.1.



£HEHB¥
LABORATORIES

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY BILLINGS, MT 59107-0916 « PHONE (406) 252-6325

FAX (406) 252-6069 • 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Tom Hudson
Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.
DATE:

92-26062
07/27/92 crp

WATER ANALYSIS

SW-8-1
Sampled 07/02/92

Submitted 07/07/92

Constituent mg/l (ppm)

Potassium 9
Sodium 6
Calcium 79
Magnesium 22
Sulfate 12
Chloride 8
Carbonate 7
Bicarbonate 348
Total Dissolved Solids @ 180°C . . . 217
Total Suspended Solids . '. 1
Total Hardness as CaC03 289
Total Alkalinity as CaC03 297
Nitrate plus Nitrite as N <0.05
Fluoride 1.7
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals

Arsenic 0.002
Cadmium <0.001
Chromium <0.01
Copper <0.01
Iron 0.42
Lead <0.01
Mercury <0.0001
Nickel <0.03
Zinc 0.02

Analysis done by EPA method 418.1.



ENERGY LABORATORIES, INC.

LABORATORIES P.O. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 • PHONE (406) 252-6325
FAX (406) 252-6069 • 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Tom Hudson
Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.
DATE:

92-26063
07/27/92 crp

WATER ANALYSIS

SW-11-1
Sampled 07/02/92

Submitted 07/07/92

Constituent mq/l (ppm)

Potassium 4
Sodium 3
Calcium 66
Magnesium 11
Sulfate 5
Chloride < 1
Carbonate 0
Bicarbonate 275
Total Dissolved Solids @ 180°C 211
Total Suspended Solids . < 1
Total Hardness as CaC03 211
Total Alkalinity as CaC03 225
Nitrate plus Nitrite as N <0.05
Fluoride 0.13
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals

Arsenic 0.001
Cadmium < 0.001
Chromium <0.01
Copper <0.01
Iron <0.03
Lead <0.01
Mercury < 0.0001
Nickel <0.03
Zinc 0.03

* Analysis done by EPA method 418.1.



APPENDIX B

EMS LABORATORIES DATA REPORTS



DATE: July 24, 1992

CLIENT: SCHAFER 6c ASSOCIATES
P . O . B o x 6186
Bozeman, MT 59715

ATTENTION: Thomas Hudson

REFERENCE: Letter Dated July 6, 1992

REPORT NO: 25015

SUBJECT: QUANTITATIVE ASBESTOS ANALYSIS OF WATER SAMPLES BY
TRANSMISSION ELECTRON MICROSCOPY

ACCREDITED: National Institute of Standards and Technology
through NVLAP (Laboratory No. 1218)

California Department of Health Services for
Asbestos by TEM (Certification No. 1119)

Nine surface water samples were submitted for quantitative TEM analysis of asbestos
structures. The samples came from the W. R. Grace mine near Libby, Montanta.

The sample were analyzed according to the U.S. EPA method (EPA-600/4-83-043).

The asbestiform which was present in the water samples was from the
tremolite/actinolite group of amphiboles.

The results are as follows.

ASBESTOS FIBER LENGTH DISTRIBUTION (MFD

Sample No.

SW-0-4

SW-2-4

SW-3-4

SW-4-4

SW-5-4

SW-6-4

<2.5 nm

29.4

15.9

372

5.2

0

165

2.5 to 4.9 pirn

15.6

10.9

176

5.5

0.14

102.5

5.0 to 9.9 MJH

10.0

6.3

108

3.6

0.14

32.5

>10 u.m

7.5

3.1

118

1.1

0

27.5

D. L. n.m

0.6

0.4

9.8

0.2

0.1

2.5

l/X\e EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065



Page 2

Schafer 6c Associates
Report No. 25015

SW-7-4

SW-8-4

SY-11-4

42

180

0.1

22.5

90

0

19.5

22.5

0.1

10.5

18

0

1.5

4.5

0.1

MFL - Mill ions of Fibers per Liter
D. L. - Detection Limit

The test reports are enclosed.

Respectfully submitted,

EMS LABORATORIES, INC.

B. M. Kolk
Laboratory Director

-
-- Airborne Asbestos "
Asbzsxs Bulk Sampln

Analyses

i'̂ /S Laboraionis. Inc. / '
>, L-.bCods: 1218 >

This report, from a NIST accredited laboratory through NVLAP. must not be used by the cl ient to
claim product endorsement by NVLAP or any agency of the Government.

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 25015 Client SCHAFER&ASSOC.

Sample No. SW-0-4

Date 7 /15 /92

Total Asbestos Fibers 63 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 63 MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 1_8 ; MFL

Mass (Chrysotile) *BDL jig/L
Mass (amphibole) 280 pg/L

More/Less than 5 Chrysotile
Fibers in Sample LESS
More/Less than 5 Amphibole
Fibers in Sample MORE

Poisson 95% Confidence Interval 51 to 76 MFL

Detection Limit 0.6 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49

0 6 12

Particle Width -
O - .04 .05 - .09 .1 - .14

0 8 2 2

Aspect Ratio
0 - 9.9 10 - 19.9 20 - 29.9

36 34 14

1.50 - 1.99 2.00 - 2.49

16 13

Microns
.15 - .19 .2 - .24

1 3 9

L/W
30 - 39.9 40 - 49.9

4 3

2.5 & UP

53

.25 & UP

48

50 & UP

9

JZ^C: EMS LABORATORlES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065



I JtiM ASBiiSTOs AIN ALi SIS
•MS Lab No

flLTER TYPE/AREA (mm2)

MCE/385 [_j
"I:.-*

Sample No.

METHOD OF ANALYSIS
EPA Yanutc Uvel 1

Level 11
Uvcl III l~~l

LENGTHS
All Sizes (EPA) L_ I

21.0
23.0

210.0

TYPEOFSAMPI.E
Water

_ WipeL.ll

BulkLJ Other L_l
Dust/Microvac L_]

MCN/960L
MCE/960 (

[C/7 Other Q

PORE SITE
0.45 ^nLIJ
0.8pmLJ|

• I V

a Other II

DIRECT PREPl^:

INDIRECT PREP I .. J

Volume liters

Working Volume ̂ 5^ - .ni l
Weight : . grams

Ashed Area..

GRIDiizr in
2i j 4i::i

Grid Addrex* . . I":A
Screen Magnification (. \

Camera Consianl _.!!JLiz i.St7.
Accelerating Voltage IQQKV

Beam Current J_O

LT
"

Approved Fiy ^

Grid opening

1
V

c^

Str

fe '̂ "5S

*rfM
r//

?
"̂i.

££;
Oj*

r

o^
<o&
10
I /
\'i>m
IT
|A
17

1 ̂ i

*t (£?

7
77,
/'L*?
<? \̂ y

Str
f-
;^-

•^

Pr

f/fc

f-
F-
P
fi
p.
P
F-
fV;
L^

P

P

p^

P̂
P

P
P

•**«. G.O. Area (mm J) 0.C

7s/̂  No- of G.O. lo Analyz
' / ̂  ' FillrrlrtNn

Dimensions (mm)
Width

1

(cr~
•^,
9~

/U)^-
"̂ 7

*z,

' 7 -

—7

i<r
M
<^
\

S>€?

7-

^^
rO

/o
T

Length

1
/7
cjrk

[£

f

< (̂7
^'T"
^7
^oO

<7_'2^
S"O
c^2^-

\Q

2-̂
TxC

^ C"
0//£?
U C~
l^tp
*2j?
F 4^
^f7

3-7f?

L.O&2 I
.2.0 I1 PreparedBy _fj> 1

• Analyst T"' l/M .

Fiber Classification
r4AM

\/

TM CM CD CQ 00mo IF AD AX ADX AQ
f
tX

f^

(X

U'

^i/

l̂
ix'

,x
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i!x
!/

,^

V/
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,

u-

LX

^^

^/

^
(/

ADO

-

.

A2Q

-

• ^

AZZ

Jr-J^S
EDS Analysis

Ma Mfl

2.
'21,

2,

1?

-i,

$

"i,

^

•^

"*y

Si

10
I'c

(f
l(
/t

[^

l(?

in

10

ca

^
<^-
<?
•2_
-^

^_

î

7^

F

/̂i

fr

fb

v_

1

Id Co

£&^ cxs'tru^U-
,fcT/VC c_
£"/&<-, r.

f^fe. v, —

^/3£ . ̂
—^ —

C — f

&&<;, ^

• -ex. —

^ 0* .

, c_<_ .

£L/>^ f&,&£. ̂ 23$
1 . . '^" '

_^_J

^ t^ .

^__ M

C^P*> c •'

-̂ ^s-l —
— «-v

/£.yf)̂ .

^\ .. • • -
Very Light G Light G Moderate G-^ Heavy G Very Heavy IJ

Gypsum: Q Very Light G Light G Moderaie G Heavy G Very Heavy G
Other G



nple Mb.
GRID

.a 30

Analjra
. D-JUC

TBlSEl̂ f}
Dcb^D Vc^LifuD Ugh, Q ^ ^Klĉ c D" --1 Itavy D J V^lfevyQ

GypsmnrU V«y l.iKh, D Ligh, Q ' MoJcr̂ c Q Ifavy Q V«y H«vy Q



AS Lab

mple No. ^ fX>—jP — GRID

•a

Scnx

Km KV

Grid opening

L4

•

OBSE

Sir *

1*1
crc4
^T(

RVA'

Sir

f
f-
f>

Dimensions (mm)

Width

^~

7
cT*^~

':

1ength

^lo
L£&

q/o

Fiber Classification

NAM

.

TM

•

*

CM CD CO CMQ OX) IF

I

*

AD

•

AX ADX AO

\S

\/
,

MJQ A2Q AZZ

EDS Analysis

Ni

•

Mf, Si Ca Fe d Comments
^ ..<*^ . „_

^^ ,

t —

-

.-

> .

ONS: OeanLJ . . . ,- '.'

Debris: LJ Ve»y Ujta D Lighl D

Gypsum: Q Voy Lijt* Q Lighc Q
H<Mtcralc D Heavy D Voy Heavy Q

MoJcrjrte d Ifcmvy O Vcty Heavy Q
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l£-Jul~19S£ 06:01:31

: D. -M-n i-!., ;;>U^ . !•• i'i

• v ;.,. iLin •

• - i. 3'Sc: O'O - '•.' -".

.1. - . ' .

-: •-:

r-'ve;
• .-,

Ca K

Fe K

Q u a i 'i t e x .
j.O". 1=!̂ '.' keV j. 0. i i 0



l£-Jul-199£ 03:09:£1 '

£5015, 4, fl, # 0 F M Preset= 100 sees
Vert = SCO counts Disp= 1 Eiaps6?d= £7 sees

iy Counts X — Ray Lines

l.£5 1871. Mg K , Mg K , Mg K . As L , fis L

1.74 6546. Si K . Si K

3. 89 £093. Ca K , Ca K

4. 0£ 190. Ca K , Ca K

5. 39 143. Mn K < Mn K

S. 40 Bi!::;̂ . Fe K v F'e K

7, 04 79.

Quantax)
O. 000 RaruiB- .1C. £30 keV 10. 110

li-itear;-1 8 " .i. OG6



iil-Ji.il-J.yg£ 06:13:11 £5O1 5, 4. H, ftOS, Fl

COUNTS X-RMY LINES

1 . i V ill K I -! i . - - , £ I' I '• . . • :

• , Krti, : r i f J KH;;i, v . H\5 UH i .. ; i .; :_;Hi-.

':'.• i ,

3. " . .

•! '

', :, ; - ' . ! ; : 1 . : :: / . ' • ; , :_ 3c - : • . ic

, • • ' • . ,

•i.', i

;- --•

L2-J ul -i.

1 ' ! M •• . > :,' j C B

Ca K . Ca K

5. 66 i 30. i K , i'lri K

6,, 4O lltjO. Fe K . Fe K

7. O7 19'.:., i~e K , ;•-'.-•?

irit t
0. GOO Karu . i f -T— j.0. £30 KeV 10. iiO



Li 50 1 ;5 , 4 . H . -ri- i Ji . f-T-i
verc- 500 count a D.L-j;o:- 1

;et =

Counts X-Rav Lines

,:



ENERGY COUNTS

1 £-JLI 1 -199S Oa : 53 : 05

X-RPY LINES

55015, 4. ft, fcia, FM

l.£5 4&17. Mg Kfli, Mg KR£, Mg KB1,

1.74 1S345. Si KOI, Si Kfl£

£.&£ 65. Cl Kfll, Cl KR£

3,32 505. K Kfll, K Kfi£

3. £5 3584. Ca Knl, Ca KM Li

4. OS .i9/. Ca KBl j Ca Ki?3

5,90 £69. Kin Kfli, Mr. Kfl£

'o. 40 ££30. Fa Knl, Fe KH£

7.05 £63. Fe KB1, Fe KB3

i£~Jul~:i.99£ 09:01:55

£5015, 4, Pi, 'lf£3, FM
Vert= 500 counts Disp= 1

E i'i e r q y C o u ri t s X -- R a y L. i n £? s

1. £5 10.L4. Mg K , f'lg K

1.73 3447. Si K „ Si K

3. 69 759. Ca K , Ca K

4.0£ iO6. Ca K , Ca K

6.36 3£6. Fe K , Fe K

LP1,

UO sees
33 sees

Pis L MS L

Quant ex)
0. 000 Range= 1O.£30 keV 10. 1.10

Integral a = 508



r

l£-Jul-199£ 09:1£:£1 . . . ' "",':

£5015, 4, Ft, tf£S, FM ' Preset'= 100 Gees
Vert = 500 counts Disp= 1 Elapsedf 3£ sees

Energy Counts X-Ray Lines

l .£4 1907, Mg K , Mq K , PHS L , Os L

1.74 595S. 3i K .31 K

3, £9 105. K K . \< K

ii M & 3 i ^ i^I £i • C cA K ^ C Q K

4.01 £13. Ca K , Ca K

S.9O 100. I'in K . i'in K

8,41 368, Fa K , \-s K

Quan tex>
O. OOO Rarrqe- 10..£30 keV iO. HO

.[ n t a g r a J. ii -- 9 4 0

£5015. 4, P., fl-38, FKi . Preset =•• iOO SBC^J.
Vert- 5OO counts Diap- 1 Elapsed-- 33 sees

E n e r t) y C o u n t s X - R a y L i n e 5

i,£5 10£3. Mq K , Mg K , Mq K , fis L , rts L

1.74 4S7£. Si K , Si K

3. 3O i'38, K K . :•'•. K

3. 70 643. Ca K , Ca K

6.39 795. Fe K , Fe K

7.04 101. Fe K , Fe K

Quantex>
O.OOO Ranne= 10. £30 keV 10. HO

Integral 6 = 7O1



u
l£-Jul-199£ 09:45:1

£5015. 4,
Vert =

Eneri;

1 . £5

1. 73

3*31

. **! „ t1 Z?

4. 05

5. 9O

6. '+0

Quant ex >
O.

£5015. 4.
Vert-

ft.#41,FM . preEet== 100 sees
500 counts Disp= 1 ElapBed= 3& sees'

!y Counts X-Rsy Lines

£030. Mn K , Mg K , Mq K , fls L , tts L

7836. Si K , Si K

£84. K K , K K

1405. Ca K , Ca K

157, Sc K , So K . Ca K , Ca K

1O4. i'ln t\ . i'in K

9-jJ. Fe K , Fe K

143. Fe K . Fe K
0 0 0 P. a n ri e -- 1 0 . £ 3 O k e V i 0 . 110

Intt-ui-ai 0 -~ Ll/O

f->. ?.k4S. 1- M . Press't :- i '-'•.' sees
i.OO'0 couvita 'Oisp— i £I<ap-3sri:-- 4O -sees

Ent?ryy Counts X —Ray L.ines

l.£S £319. Mq K , Mq K . Mq K . rts L ; IH'3 !_

1.74 11850. Si K ^ Si K

3.33 541. K K , K K

3.&S i££9. Ca K , Ca K

4.O4 135. Sc K , Ca K , Ca K

4.53 10£. Ti K , Ti K

S.40 1£3£. Fe K , Fe K

Quantex> ISO. Fe K , Fe K
O. OOO Ranne?= 10. £30 keV 10. 11O

Int e g r a 1 6 = £010
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AS Lab No.

mple No GRID
.13

MlCKOSCUfE

«OOAEj.

i a m f l
lium-f~~l

HUI2M-JI

GridAAfccss IT

Scnoi MapuficMMM ! L£L.

OmaM

IOOKV
\ O

Grid opening Str * Sir

r
r

Dimensions fn>

V/idih { Length
Fiber Classlficatkxi

AM TM CM CMD COO JAD|AX|ADX|jyi
i

IDQ A2D AZZ

V

fe

EOS Analysis

Si Comments

v/, 3

^G V

F

A£

2-1

£dr

V

•

.̂

v^

V

)0

10

|

"DffSEEVST
v- 2. /O 2

Debris:

Gypsum:

Very Light D

A •>

Light D M<tclo îc
Light O p, Moderate

Heavy D Voy llcavy D
D Very Heavy Q



- . V.

Lab

1 GRID

O

VV.-2.oO~

900 KY

Gridop«nliKj Sir Sir

£

Dimensions (mm)
Width Length

Go
^

Flber CtassHication
NAM TW CM CD CD CMQ CDQ IF AD AX ADX AQ ADQ A2Q AZ2

EOS Analysts
Si
CD

F0 Id Comments

±/L
JX

±
3.S n

/o

31 v

TP

\-\ft —

10

OBSEfeVST .
OcbrtJcQ V«yUjuD L^htO

Gy|wwn:CI VoylajMU UjU Q

Mo«fc»*eQ Ifcavy D Voy Heavy Q

Moderated) Heavy O V«yHc*>ry O



V.

MS Lab No. S~Q f 5

GRID' «OOB

IfUIIE

IIUI25E

f«»nr ii-l

SSOKV
\ P

Grid opening

-cn4..S-

-

ODSE

Str
£|

t
1

_£"O
«q~

KVAT

Str

*̂*-
^=-

Dimensions (mm)

Width

\

ONS:

Length

^ ̂
}^
37-

-

Fiber Classification
NAM
V

\f

^j

i

.

TM
s

y

1

CM CD CO CMQ CDQ LF

'

•

AD

i**-

".

AX ADX AO ADQ A2Q AZZ

EDS Analysis

Na Mq Si Ca Fe

.

Id Comments

-

•> -

CfcswLJ - . . . - . . ..... ;• . . _ . • • ; - .. . .
DcUictI) y«yU|fclQ

Gypswn:Q VayLtctaC] L«h» Q

_ . . . . .
Modo^cQ Ifovy D Voy'lfcwty'Q

Moderate Q Heavy Q Very Heavy Q



..il-i9'3£ 16:49:30

£5015,SW-0—4,B, 01. NM Pr-ese'c- :iOO tvecr
! ; - - : counts D i ^ n " i ,'•']. aosed^ S7 secc

^oi-i . • L. i VIES.

76£. 0 K , 0 K , V u . V L . V i_

• ' . • 2 ,

0. OO ! •„ .1. A 0

£to-O—4 - B, ' i 00 £ifc-c*;:.
1 •

£ i' • -

, • - : • •. i • , /i .: /.'i L-. . / ri i_

y •. , jj i. i--.

3l£- ua r. . C;a K

i>! u a n t e x > u-Lu-j. i, , _• r-,
O. OOO K'rtnne- lu. i-.-:,;-,u KeV 10. iiO

i V"i o Li? Q V c-7l I L' -- i i '•

.Ui-J'i.i). — 1 99ii: ib i ::i'b s -+.':i

£5015. SW-0—4, B, 04, NM Pr-eBer™ iOO iiec^s
Vert- li'.'O counts Disp= 1 £Iapt;ei3—• 35 sees

..", / to. Lj r\ . U r\ ., •. i_ , v i— * v i_ ,

V L.

1 „ ,: K . ria h

3, 3l cirj. K ^ , K K



Quant ex)
O. OOO Ranqe- iO. £3O

-Ju i - .i. 9Si5 x 7 : 00 j <>il

iO. i i G
1 i'it ear-a i U

15, &W--0--4, LI, G:i, NM
^t- ti'JO cou.rits OisQ-- i
t!rifc?r-py Courtis ay Li

iOO
•„•?> -"sees

1 . £ K - My K ci K . fts L

, ;• i\

Es:- . ^ . ' v

.1. i'VC

jVi-'i

Vt3'r"- : '

Coi ! . ' ; i X — h

.f-?CS

S«2u7''

'. i'i 'C t? >•; .

10. i !i O
1



i £-J'u .1 - J. 'Ti'if-Ji 1 / : £0 : 30

VeH c.00 coui
bin CoLirri

LJ

..•
<^ .L r.i 1,3 •£: •-• O •—

a y L.. .1. :

K

': . i\'!''|

: • r;

i- lac



i.x '.I-:--, i I L, '_-? '.-- f .' ' j' ~

'.'.000 !• ,-"i t:ie— i. £30 Ke/

1 £-J u 1 - i 992 1 7 : 35 : ;:i3

£5015. SW-0-4. B. 14, Mi>'i
v iv; r'c == • counts ui-jo- j.

icjrtiy Counts x-hay Lanc^1.-.

O. 31 661. U K . Q

i 0 - 1 10

Preset— .'LOO Bee!?.
oi^: i;i 13 cs

i ,

,:• j ua K . Ca i-

, - • .

i0.£30

, Ol "i'.-' ' i

.:'; i ':

(

£07. Fe K , Ff= K

G~i LI a i'i b e x >
0. :- Karine-- J. O. £30

nt eij >•••
I '..i. :i i 'J

I 165i=



-iyjL7: 17:41 :c!S £50 I 5, SW-0-4, B, .1.6, HIM

i.iNi£R'3Y CULJiNi'S X-Kf-W LINES

.'(jcJ. £J KftI, D . ufll, v: LBi, v Lbi

. ':-'•.:-i j. . ivi L.I'I .1. , . . i• . , i. i-i l_o

i'l I . flD Ktti-J. l'"il"! r-'..i-: 1 . l-i-- -. . . : : : \ . : ;-•_

1.'. ^ -:: '. :--.lV._

, . . _ . • . .



13-Jul -1 99,2 J. 4:57:36

£5015. 0-4. B. #;L'4. Ni-'i
£00 COUKli > — 1

E r 1 1- r q \-' C d u ri t s. X - r, a y u i i

Preset-- lOO sees

i L'.''b'J .



13-Jul-199£ 115:01:03 ibO15, 0-4, 6,

v UUUK i"S

X n :. Zri Li

7. 06

.. [ . i

• I

i; ax >
«;>. >. Range— 10. ii3v keV

13-Jul-199if: . IS: 58: 0.1

£5015. 0-4. E. :H46. NM
liOO counts D:Lv:c.= 1

£ n e r c:i y C o u i: i ;H. X - R a v L j. r 'i e s

Si

J. A '...'

irccegr-al

Preset=
E 1 a a s e d :=

i'lq r-, ,

3S4

1 sec
£8 -3«c

•> J. 3di. i::'e K , Fe K
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lb-Jul-1 992 13 : ££ : 36

£5015-0-4, C, 4fO£, RS
£00 counts Disp- 1

iy Counts X-Hay Li

preEet=
Elapseci=

i 00 sees
;.;G sees

345. 0

,

£34. r i t j K . p'iu K

iiS3. i K

!>'m K i_ . MB L

' X )

0. .160 r-iamie™ iO. £30 KeV I. £30

I O - J" i.i. i - • L 'i '? r:. j 3 • I.:: 4 i i i

Vav £0^) counts iJ i^p
'V Co Lints.:. X — Ray L. iries

. r. - -
£lapaed== sec

0 i-i
V L..

Q - v V V

i .

6.

. •, j. .

83.

71.

Ca K

Fe K

3 1 K

Fe K

D u a n t e x )
0. ISO R a n g e — i 0.230 keV

I n 1; e g i -• a I 0 ~
1O.230

4 £ £ S



15--Jul-199£ 13:26:59

£5015-0-4,C,#O4,RS preset = 1OO sees
Vert= £00 counts Disp= 1 E.lapsed= £6 sees

Ener-py Counts X-Ray Lines

0.5£ 43'j. O K , G K . V L . V L ,. V L .
• V L - '

l.£6 £63. Mn K , Mn K , Ma K , fls L . ' fls L

l. 74 340. 3i K . Si K

3. 69 £O£. Cn K , Ha K

Quant ex >
0. 1 6O pianiie-- 10. £3O keV :iO. iJiO

infcaaval 0 --- 3670

£50.15-0-^, C. H^05. RB Pv-e'-.e't; -•
= SOC count -3 Disp- 1 t£.lapsea=

E n t? v • q y Count s X — R a y L ine s

0.51 435. 0 K. , 0 K , V L , V U , V L

1. c5 30b, Mo K . Kig K , fry K . tts L.

1 - 74 10OO. Gi K , Si K

3. 69 £Sfc. Ca K , G£\ K

6. 39 93. ' Fe K , Fe K

Quantex>
0. 16 0 R a n L) e -•= 10. £ 3 O k e V 10. £ 3O

Intearal 0 = 3363



13:30:3i£:

£bO 15-0-4, C, WO7, RS
Vert™ £00 counts Disp= 1

Enemy Counts X-Ray Line

0. 5e 333. 0
V

4O. i>ip K

0 K

fiq K

V L

Preset=
l£laosed =

L. , V

ICO sees
3O sees

tie L , Ge? L H t;e L

£• i K Si K

4O.

Ca K . t

Ft- K ., Fe K

o. K a ripe-- j. O. cji^.ij

7 :L 3£



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TH - Tubular Morphology not sufficiently characteristic
for classif icat ion as chrysotile

CM - Characterist ic Chrysotile Morphology

CO - Chrysotile SAED pattern

CQ • Chrysotile. composit ion by Quant i tat ive EDXA

CMQ - Chrysotlle Morphology and composition by
Quantitative EDXA

CDQ - Chrysotile SAEO pattern and composition by
Quanti tat ive EDXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AO - Amphibole by random orientation SAED [shows layer
pattern of 0.53 nn spacing)

A* - Amphibole by qual i tat ive EDXA. Soectrum has elemental
components consistent with amphibole

ADX - Amphibole by random orientation SAED and Qualitative
EDXA

AQ • Amphibole by Quant i tat ive EDXA

AZ - Amphibole by one Zone Axis SAED

ADQ - Amphibole by random orientation SAED and Quantitative
EDXA

- Amphibole by one Zone Ax is SAED pattern and Quantitative
EDXA

• Amphibole by two Zone Axis SAED patterns wftn consistent
Inter-axial angle

AZZQ - Amphibole by two Zone Ax i s SAED patterns, consistent
inter-dxial ancle and Quant i tat ive EDXA

NAM - Non-Asoestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 25015 Client SCHAFER&ASSOC.

Sample No. SW-2-4

Date 7 /15 /92

Total Asbestos Fibers 3jB MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 36 MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 9.4 MFL

Mass (Chrysotile) *BDL Mg/L
Mass (amphibole) 52

More/Less than 5 Chrysotile
Fibers in Sample LESS
More/Less than 5 Amphibole
Fibers in Sample MORE

Poisson 95% Confidence Interval 29 to 45 MFL

Detection Limit 0.4 MFL
* BDL : Below Detection Limit; MFL: Minion Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49

0 11 12 6 11

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24

0 3 11 20 10

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9

4 2 2 6 1 2 2 ' 4

2.5 & UP

53

.25 & UP

49

50 & UP

7

/At? FIS./1R I ARnRATDRIFR 117 West Rr.llevue TViw / RasaHena PA



Al
IMS Lab No..
:iient
ample No.

FILTER TYPE/AREA (mm2)

MCE/385 LJ

MCNgggf-. If

MCE/960 LJ

METHOD OF ANALYSES

EPA Yuiuie Ixvel E

Level EE

Level HI I""]

AIIEItA LZJ

LENGTHS

AU Si/** (EPA)

PCM Range* L

ASPECTRATIOwLrr*! LJ ""SS^f*

TYPEOFSAMPE.E PORE SITE

Air [__| Water Ix ĵ O.45 |m LI J I

Soil Î J Wipe LJ 0.8 pn> LJ j

Bulk | 1 OtherO .1 janLZJ

Dusi/Microvac L_J 32 pmI I

O.O. Area (mm2) P.O...(Q?.'5__..

No. of G.O. to Analyze

DIRECT PREP ^

!ND(RECTPREp| .J

Volume ..._._^Jr_ liiert

Wotting Volume *?<? m!

Weight : gnuiu

Ashed Ana . %

GRED

GridAifclmei . (~~.L>__ _____ .....
Screen Magnification I ~<=l( [&'<> *

Cimera Constant */*f£ JS" __

Accelerating Voltage _JU».1LY_...

BeamCunem

Prepared 3y \~Ly
Approved lly /c^

Grid opening

\

2-
^_

^
Str *

f?

i.1?'r
O^
Pt

_j2' ^~
Of/

&*k-
Qf^
n

i?
s

cf
fcA

- 0-

14
7

4
7,9

--^

.1

î

K.-^A_-. .. Dwe^/V-2- filler Lot No. • Hi A^ly- t~ M4i_- DiteT— /Z.—

Str

f-
t-
P

f-
p

4-
f-

p
jpr
r/K
p
-^
—
4-

i
p

f"
(̂
•r.

'—.
-*
r

Dimensions (mm)
Width
£,

^tr'
'2-
•̂
'̂ C^
tT"

t-vS"

c
2^
15"

<T"

f'^
IV

^
^L-7

^
CJ"

^ *
• fl c*'

XV t ^

•̂

Length

\J°Q
Kx?
^<9

"^S.

"̂ O
Mf)
\^o
•a-jrt—
^*O
M z,
î fc)

)̂ (9
er<?

££<£
I ((9

r £4/6*
5&O

1 at^

"fan
1 6?T
^79

Fiber Classification
NAM

V

\^

\f

TM

s

CM CD cn CMQ UJ IF AP AX ADX

•

AQ
IX
_

'LX

k/
/ /
,/

I/
Vx
^,
//
(/

1-

iX
(̂

^ x^ ,,

j /

U

I/
\

ADQ A2D

f

'

/

-

',.•

z

AZ2

EDS Analysis
r\h Mq

£

-^
2,

^

•̂

•2,

^

SI

/^

^

\<*
|p

K7

(^

(0

Ca
-5

^-

?̂
<?

•2,

ftt

^

1
7

x;

1

/

Id Comments
&P>2» r/> «=«,«..//</

J^fy*^. 7/>-e*u-~ti't
""

^^3* T><-<ic<^.~(
f. £>5^ _ __ c

rCp^- <- ~ — -
c<

^ ^ .

" •

, ,

• ^ Li- — .

-^ , . —

/

t.

i_, -^ .f

^/?> 7;, ^u^^/,%
,}

Ĵ .p̂ > Y* -e.<2«W>>
< L.

, \-i

,. " '

OBSERVATIONS oe»"n
Debris:

Gypsum: LJ

OibcrD

Veiy Lighl D

Voy LighE D Lighl LJ
ModenEe

Modanc LJ

..
Heavy G

Heavy D

Very Heavy 1 J

Very Heavy G



S Lab
MiatoscorE

iplc No. _ GRID
.a 3D

T5R
Dclwicll]

Gyfuwn: Q

. .
VoyLighlCI

Very l.i'Rh« Q

Ugh« D

«-<Kh» D

. .. . .

Modcraic Q '" ' . : • 'Heavy D

MoJcraic O Heavy Q

. .

VciyllovyO

Very Heavy Q



l£-Ji.il-199£ 10:50:04

• 15, £-4
• t =
Energy

1.

1'.

3.

bJ •

4.

!u.

6.

£5

74

34

69

O3

87

40

, A, 01, FM f...rK,c;et- 100 SG?CS=.
1 0 0 0 c o u n -'•: s D 1 s p ~ 1 £ 1 a p a e d - 4 0 sees

C o u n t s X - R a y Lin e B

£4£0.

9548.

170.

I960.

£50.

£15.

1£60,

Mq K , Mq K , Mq K , fis L . tt-ii L

Si K . fei K

K . ' . / 1 /

, 1 X - l"'l 1 1

Ga K , Ca K,

Ca K , La K

Mn K , Mri K

Fe K . Fe K

O.u.an-ce>:> .173 F& K , Fe K
0.000 Range= 10. £30 keV 10.1.10

1 n t e 1:3 ra 1 6 •- 1396
4

l£-Jul-l'39£ 10:56:£S i
'l

£ 5 015, £ - 4, ft., 0 3, F hi P r- e s c? t = 100s e c &
Vert= 1000 counts Disp~ 1- . i:ilapsec3:= 4'i sec-3

Energy C o u n t s X — f < a y l.. i n & ?.;,

T'lq K . i"i':.i L.. .. f̂ s L.1.

1 .

^ •

3".

6.

7.

£5

74

3£

69

40

05

i££a. fig K-

'OtifiO. bl r\

J.,ib. K K

' BOS. Ca K

1£90. Fe K

155. Fe K

. Mtj

, ^

, i'\

, Ca

, Fe

, Fe

t'\

t .

K

K

K

K

Quantex)
0.000 Range--- iO.£30 kev' IO. 110

Integral 6 -- 859



1 3- J u 1 - 1 99a J. 1 : 00 : 30

£5015, ci - 4 , ft s 0 :5 , f :' M
Vert= 1000 counts Disp-- i

E ri B i-'v 13 y C o u r\ t s X — R a y L i n e

1.

I1.

3.

4.

b.

£5

7 A

S3

01

40

ia&9.

4916.

1 &'o3.

iO6.

586.

M rj

Si

Ca

Ca

FH

K

K,

K

K

K

. ivl q K

, ri i K

, Ca K

. C* K

, Fe K

P v > e s e* t -
Elap<sed=

K , i-is i...

100 K e c u
37 sees

Quant ex >
0.000 Ranae- j. 0.230 keV iO. i 10

Ji vi t e i :i v a 18 7 7 (J



1 £-JLI 1 - i 99£ 1 1 : 36 : 4c: £501S, £-4, tt, 06, F-"M

ENEIRGY COUNTS X-RflY LINES

0.95 65. Cu Lfti, Cu L(-l£, Cu L.B1, Cu L.Cbi

l.£4 fl 1-0. Mg Kttl, i-'lq KP£, «<s Lf-U, ns LflS

1.74 3169. Si Kfil, Gi KA£

£.30 300. S KOI, S . K0£

3.69 631. Ca KOI. Ca Kf-1£

A. 04 '3£. Sc Kttt-:, Ca KB1, Ca KB3

5.89 115. Mr. Kftl, Mr. Ktt£

6.40 479. Fe KOI, l-t? Kfk?

6.04 £406. Cu KOI. Cu Kft£

6.91 jO£. Cu KGl, Cu KB3 -.



l£-Jul-i99£ 11:43:09 £5015. £-4, Pi, 07. F'M

ENERGY COUNTS X-RttY i_IN£S

0.

1.

1,.

3.,

i.j i

5.,

6.

7.

a.

8.

96

£5

74

3£

69

90

40

06

04

91

76.

9£3.

3654.

116.

SB1.

Q£.

714.

1-43.

17££.

307.

Cu

Mg

Si

K

C«

Mr,

Fe

Fee-

Cu

cd

Lfil,

Ktt 1 ,

Kf-11,

Kfl 1 ,

KR1,

Kfll,

Ktti,

K91,

Kfli,

KS1,

Cu

f'lq

Si

K

Ca

P-ln

f -e

!-c?

Cu

Cu

LPl£, Cu L.B1, Cu Lbi

Kttii:, iMn KB. 1, fls Lftl . r-hs

KP£

Kna

KPfe

KP£

KftrJ

KB 3

Kfi£

KB3
ff.
t

L.Hr:



l£-Jul-199£ 11:53:16

£5015, £-4, P, 18, FM
Vert = 5OO counts Disp== 1

Energy C o u n t B X - F? a y L. i n e s

Si K .Si K

K K . K K

Ca K .. La K

;~e K , Fe K

FK K

1.

r.

3.

3.

6.

7.

£3

74

31

69

39

06

1466.

5769.

360.

"i 4 6 .

690.

130.

M g K

Preset=
£ lapsed-

fis

100 necs
47 sees

Quant ex>
0. OOO Range* 1 O. £30

I n t e q r a 1
G. l i i..i

£ 5 o 15, L:; - 4, P , £ o, f:' r-1
V e r t = .10 0 0 c o u n t s D i s p ;-= 1

Energy • C o u n t s X - R a y L. i n e s

1. £5

1. 74

3 110.

11901.

\<\ c] K

S 3. K

Ma K

3. 69 £46£:. Ca K . Ca K

4. O4 £31:1- Sc K , Ca K , Ca K

3. 89 191. f'in K , Mr. K

G.40 l£££. Fe K , Fe K.

Quantex) £19. Fe K . F:'f.v K
0.000 Rancje= lO.£30 H.eV

n:

El,
XOO

ees

10.110
0 = 64165



l£-Jul-19'3£ i£:3B:£

:>i
-t

5. £-4, A, 30, F
= SCO co

Energy Count

1.

1

3

4

ij

B

a

an

.£4 lfl££.
I

. 74 60S9.

.69 1681.

.OS 14ft.

.86 89.

. 4£ 3£0.

ft tt. '-''i 1 '•-''„ l.'4T I—I— 1 l_ .

t £ ? X > 250.

0. 000 R

t*'i
unt a
s

Mq

Si

Ca

Ca

rtn

Fe

Cu

Cu
anci£?»

D

>'i

K

K

K

K

K

K

K

K

isp= 1
Ray Li

» Mq

, Si

, Ccl

, Ca

, i'(in

. l--e

, C M

, C u
10. £3

t"''rese?t== iOO sees
Elapsed^ 3t:j sees

nes

K , fis L , MS i_

K

K

K

K

r.

K

K

o Rev j o. i :io
Iv i t eov-a i 0 - 3ii=:i>3

n.



l£-Jul-l99£ 1£:40:58 £50r.:i, £---4, fl, ,3,i, Fro

ENERGY COUNTS X-RflY LINES

1,. £5 4637. MCI Kfti, iviy Kfl£, Mg Kbi, Ms ufli, PIB L..H;:.;:

1..74 16347. Si Kfll, Si Kfl£

£.,30 106. S Kfll, S Kfl£

3,, 38 £56. K Kfll, K Kfl£

3., 70 4£07. Ca Kftl, Ca Kttc.1

4., OS 459. Ca KBl, Ca KB3

5.90 306. Mn Kfl3., M n " K W £

6., 40 1615. Fe Kfll, l'-'i3 Kfl£

7,05 £38, F-d KB I. he KB3;
i*•*v

8.. 04 435£. Cu Kfll. CLI Kfl£ \

8.90 6̂ 5. Cu KBl, Cu Kb.i ' :



12-Ju 1-1992 13: £3: 05

25015, 2-4, ft, 43, FM
Vert = 500 counts Disp== 1

Energy Counts X-Ray Lint?B

1..
1

i.

J!» •

4.

LJ.

6.

7-.

£5

74

69

O3

8 '3

40

06

£44£.

6516.

£525.

£76.

128.

996.

135.

Mq

Si

Ca

Ca

l>ln

Fe

Fe

K

K

K

K

K

K

K

i MS

, Si

, Ca

, Ca

, ivii-i

, Fe

, Fe

K

K

K

K

K

K

K

Preset =
Elapsed.

K < fts L

100 sees
4O sees

L

Quant ex >
0.000 Ranc;ie= 10.230 KeV

I n t e a i" a 1 0 -
10. 110

4 1 6 4 2



Vv

imple No. — Lf GRID

'•P 3Q

—
Grid openly Str * Sir

Dimensions (mm|

Width -anftth

Fiber Classlficalkxi

NAMj TM |CM|O)|(D|CM3|aX>||lF| AO| AX | AOX| AQ| ADO| AZQ| AZZ|

•J

îMflLSilC l̂FeJld

EDS Analysis

JO

Comments

E. /

J
s

3- 1 vro

£>
£

L&
M

(C
x/

^

"oussr̂ ONST
V

Debris: t~J VetyLigfclD

Gypsum: Q VefyUjhtD

Light

UgtaQ
c v,^-X

M^Hlcra'x: y

Moderate Q

«' s*t^£r?,.)

Heavy D

lle«vy Q

VoyllovyQ

Ve*yH«>yO



A . \v.

fS Lab No. MtQROscore

GRID • .

O
«ons

IIUIIE
MU12SE

Str 0

"2$

/'

tg

^BSERVXTtoFBT

Sir

f

7*

Oim«nsioos (mm)

Width

ik£

-Mg:

L«ngtfy

Ma

U,

Fiber Classification

NAM TM CM CO CD GMD OX) UF AO AX AOX AO ADO A2Q AZZ

2

v

Na Ma Si Ca Fe Id
EDS Analysts

Comments

ii 1^-

•f-YSto eL,'*:.

DchosQ
Gypsum: L|

i««eD llcai-yD Voy Heavy Q

a | I f "I

ivcvty I \ "ccy IvCftv^ I I



A. •i. . Y-

SSasts
3

-
-
-
-
-

—
-

—

-

—

/VKHfv

OBSE

Str *

<~J~£

^*rfL-<2_
r,?rC
'

•

•

kVA'l

Sir

t-
$-

UN

Dimensions (mm)
Width

AT

l~^

fy.

L«ngtf>

2-'2-£~
/ h?

1^
£& •

.

Fiber Classification
NAM

.

.

TM

-

Y

CM CO 03 OJO CDQ

"J* - tiCSW l_| " • . . ' - ." "

IF

"

AO

H.̂ *

•*.

AX ADX AQ
^
v-

^_-

ADQ

—L
J

A2Q A77

• ••...-- " ' - • • ' ' • -

EDS Analysis
Na Mf?

3

Si

/^

Ca

J>

ie

2.

..

Id Comments

~77X/ri^£'^

T^ ^»n ̂ > fe.

ry^^otfe.
TV^moti-/z-

-

- -

.DcboxtlJ VoyUjtaCJ UghiQ ModCTMciZ) Heavy D

Gypmm:Q VetyU^Q light D ModctMe Q «e«vy Q VoyHcxvy



G
13-Jul-199£ O7:4£:54 ''"' . ; '••'.;..?' •'' ' ....:•.---:-;

£5015.£-4,B.#O1,RS . Preset= 100 sees
Vert- £00 counts Disp= 1 Elapsed- 44 sees

Energy Counts X-Ray Lines

0.51 718. G K , G K , V L , V L , V L .
V L

1. £'5 56S. Mt:i K r MD K . MD K , fta. L . fts L

i/:r36- Si K . Si K

431. Ca K , Ca K

5. 40 .i. il": i. f-tj K . Fw i<

Q uar; tax)
O. 000 Rany?™ 10. £30 i-ceV 1O. iiO

i 3 - J u i - i '• •)' J S O 7 ; 4 •* .! 4 9 L W T ;•= --i 1 1-1 q

£5015, £-4., B, «0£, RS Preset^ 1OO sees
Vert- £00 counts Disp= 1 £lap-£ed-~ y>4 sees

E n e r n y C o u n t s X - f 3 a y L i n e s

0,50 388. G K , O K , V L , V L , V L .
V L

1 , £4 4 SO. fMt:/ K . MD K ,

1. 73 1 18'i. Si K , Si K

3U 7O 333. C'e. K « Ca K

Quantex)
0.000 Ranne= 10.£30 keV 10.110

InteovaI 3 = £45



1 3- J u i - 1 '3 9£ O / : 4-5 : 56

£5015, £-4. B, #O3, RB
Yert = 200 counts Diso^ 1

tZnev-Ljy Counts X-Ray L. i -.-̂ ic.

0.51

l.£4

1.73

3. £9

&. 40

Preset'-
Elaused=

100 sees
£5 sees

375. 0 K , 0 K , V U , V L , V L
V L

Mg K , Mg K , fts L , As L

787. Si K , Si K

£48. Ca K , Ca K

74. Fe K , Fe K

O.. OOO Ranne- 10. £30 ke'v'

X .S-Jui-i

£5015. i-.'--

0.51

j. . I H

S:!:: O7:47:c:4

£OO counts Di sp= 1
Counts X — F-Jciy Lines

114. 0 X , 0 K
V L

£97. Si K , Si K

lO.. iiO
cil 8 = .i83

100 &ec&
El apse d=

V L V L , V L ,

Quante>;>
O. OOO Re;riij&" 10. £30 keV 10. 1 1 0

Inteorai 6 - £9



13-Ju1-1992 07:46:34

£5015. £-4, B, #05, KB Preset= iOO sees
Vert = £00 counts Di sQ= 1 Elaosed= £5 sees

Energy Co-i^ts X-Pe-.y Li-.-isii

0.5i £40. G K , Q K , ' v l L , V L , V i _ ,
- • • • • • v L

1.47 193. ftl K , fil K

1.73 331. Si K , Si K

Quantex)
0.000 R a mi «?==•• 1C. £30 KeV 10, 110

Integra). 8 = 59
13-Ju i-lS9c' 06:36:50

£5015, £-4., B, #£1 . RE) Preset = iOO B&C-B
Vert-- £00 counts Dir,o:- 1 Elapsed- £'> sees

Enrr-r-cry Counts X — Ray Lines

0.51 £90. 0 K . 0 K , V L . V i_ , V L .,
V L

f\g K . i'iq K , I'ici K . Pis L . f-it> L.

1. 74 1339- Si. K , Si K

3. fiB 343. G£I K , Ca K

G. 41 iS5£. Fe K , Fe K

Quant &)<>
0., 000 R^nge- iO.£30 keV 10. liO

int snral 6 = ii



13-Ju1-1992 08:50:£5

£5015,£-4,P,#50,RB Preset- 100 sees
Vert = £00 counts Disp= i Elapsea= 4'o sees

Energy Counts X-Kay Lir-.ss

0.51 603. 0 K , 0 K , V L , V L , V t_ .
V L

1.S5 368. Mg K . Mg K . Mo K , fts L . fiE L

1.74 13S1. Si K , Si K

3. 70 £70. Ca K . Ca K

6. 40 ££9. Fe K , Fe K

Quante;:)
0. OOO Rc-m-iyift-- 10.1:30 kcV 10. ilO

Integral 6 - £31

. \



lenglh NAMllMjCM
/ £ - —H



io-J'u). -lS9ii 13:33:1:50

£5015-£-'+, C, $?0i, SA
Vert= £00 counts Disp= 1

E n e r D y C o u r 1 1 B X - R a y L i r i e

I. 74

uJ • ^

,.

534, i'<1u K . (A a K

i iSO. Si K , Si K

77. K !< , K K

£39. CCA K , Ca K

67. Fe K . Fe r"-.

Mq

Preset=
Elapsed—

ft-i L ,. fts

100

11 sees

Quant ££•><>
0. ifeO Ran ye--

.1 o — on 1 — .i. '.j'-jc. 13: J5 : 4ci

i •'/; o j. 5 - i •
V » V" t —

.1, io

1. 7.3

3.. 7.1.

fa. 40

eV

i:-. 0 0 c o u v11 s 0 i <5 p — :L
L: o u n t s X — R a y L. i n e ?•:

.LJ.9. Mg i-; , Mg K

A£0. Si K r Si K

10i„ Ca K , Ca K

73. Fe K „ Fe K

iO.i3O

i'•.'••_' i".

i. , rt

ant ex>
0. 160 R a n q e — i 0. £ 3 0 k e V

Integral O =
10.£30

4419



15-Ju 1-1932 13:41:52 25015-2-4., C, #03, Sfl

ENERGY CGUN'i'3 X-RAY LliMES

0.53 14. D Kfil, 0 Kfl2, V Lfli. Cr Lfil, V LH£, Cr- :L.fi£,
V LSI. O L81, V LB3, V L.B4, V LG1. Cr LG1
Cr- LN

3 . £5 ifc&9. Mni Kftl, fin K«2, FID KBi. As LAI. fis LH^:

1,74 2117. Si !<ftl? 3 .v KrtS

4.93 iS. V Kftl. V KRS

5.35 21. f'ln Kf-U, Mvi Kfl£

£.40 75, re? KAJ . Ft? KAS

7.02 2O. i-"e KBl, Fe KB3

7.^-4 iti. wi K H i . Ni !<P;t:
.15- Ju 1 -1992 13:43; 48

25Ol:5-£-''i.. C. *f04, SP . Preset" lGO Becfj
Vert-- 20O counts Oisp- 1 Elapsed-- l:j sees

E ri e r LI y C o u ri t s X — R a y L i n 5 B

375, i'lq i< , i:'lt; K , Mq K , fls L

13»S. Si K . Bi K

34S. Ca K , Ca K

4. 03 43. Ca K , Ca K

5. 33 117. Fe K , \-s K

Q u a n t e x >
O.160 Range- 10.230 keV 10.230

Intearal 0 = 1O491 .



TABLE 3. CLASSIFICATION OF.FIBERS WITH TUBULAR MORPHOLOGY

TH - Tubular Morphology not sufficiently characteristic
for classification as chrysotile

CM - Characteristic Chrysotile Morphology

CO - Chrysotile SAED pattern

CQ - Chrysotile. composition by Quantitative EDXA

CMQ - Chrysotile Morphology and composition by
Quantitative EDXA

CDQ • Chrysotile SAED pattern and composition by
Quantitative EDXA

NAM • Non-Asbestos Mineral

TABLE 4, CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD • A/nphibole by random orientation SAED [shows layer
pattern of 0.53 nn spacing)

AX - Amphibole by qualitative EDXA. Spectrum has elemental
components consistent with amphi.bole

ADX - Amphibole by random orientation SAED and Qualitative
EDXA

AQ - Amphibole by Quantitative EDXA

AZ - Amphibole by one Zone Axis SAED

ADQ - Amphibole by random orientation SAED and Quantitative
EDXA

AZQ - Amphibole by one Zone Axis SAED pattern and Quantitative
EDXA

AZZ • Amphibole by two Zone Axis SAED patterns witn consistent
Inter-axial angle

AZZQ - Amphibole by two Zone Axis SAED patterns, consistent
ancle and Quantitative EDXA

NAM - Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 25015 Client SCHAFER&ASSOC.

Sample No. SW-3-4

Date 7 /16 /92

Total Asbestos Fibers 770 MFL

Chrysolite Fibers *BDL MFL
Amphibole Fibers 770 MFL

> 5 Micron length (chrysolite) *BDL MFL
> 5 Micron length (amphibole) 220 MFL

Mass (Chrysotile) *BDL \ig/L
Mass (amphibole) " 1600

More/Less than 5 Chrysotile
Fibers in Sample LESS
More/Less than 5 Amphibole
Fibers in Sample MORE

Poisson 95% Confidence Interval 620 to 960 MFL

Detection Limit 9.8 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49

0 6 13 12 5

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24

0 6 14 17 6

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9

29 21 14 3 4

2.5 & UP

43

.25 & UP

36

50 & UP

8

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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13-Jul-199£ 1£:55:OO ' ""

£5015,3-4,ft,ttOl,RS
£00 counts Disp- 1

Energy Counts X-Ray Lines

0. 50 558.

i .

1.

3.

'•3 .

£5

74

70

89

^35.

1153,

£49.

49.

Q K , O K
V L

Mn K , MCI K

Si K . Si K

Ca K , Ca K

Mn K , Mn K

f-e K . F-'e K

Prese>t=
£lapaed=

V L , V L . V L

IMD K . fls L . A* L.

1OO .sees
15 sees

Quantex>
0. 000

13-J u1-i93£ i £ i56:06

10. £30 keV

£5015, 3-4. ft, ttO£. RS
•"t= £00 counts Disp---- 1
E n e r a y C o u n t B X - R a y L i vi e s

I n t e q r a 1 S

P r- s s e t ==
Elapasd—

1O. :i. 10

1, £4

1, 74

3- 70

6. 40

440. 0 K , O K , V L . V L . V
V L

Mu K . Mu K

Si K , Si K

Ca K , Ca K

3Li3. Fa K , Fra K

£ £ S

i 0 O E e c s
•-''.'> sees

Quantex)
0. OOO Ranne= 10.£30 keV 10. 110

Integral 8 = £19



" - 0
:Y3- ju 1̂ 1 99£•'•" is": sa i 35

£5015,3-4,ft,tt03,RS Preset= . • iOO sees
Vert = SCO counts Disp;= 1 Elapsed13 40 se?cs.

Energy Counts X-Ray Lines

0.51 339. 0 K , G K . V L . V L , V L ,
V L

X . £ 4 £30. fit; K , Mti K , fis L. , fls L

1.74 635. Si K . Si K

3. 71 110. Ca K , Ca K

Quant ex>
0. OOO Rar:ae= 10. £3O keV 10. 110

liTceq-i-iii 3 = 141
ij-Ji.'l-l'392 13:00:10

£ 5 015, 3 - 4, tt, -St 0 4, R B P r e s e t = 1 0 0 s e c s
VS'ft— £00 COUil'tii iJlBp-- 1 til clip5&Ci-= 3'::: 'St'I-CS

Enerny Counts X-Ray Lines

0,. 51 130. 0 K < 0 K . V L ,. V L , V L .
V L.

1.72 172, 3i K , Si K

Quantex>
0.000 Range?= 10. £30 keV 10.110

Intenral 3 =



i3-Jul-199£ 13:Ol :54 ; ~:f

S5G15, 3-4,fi, #0̂ -, RS Preset = 100 sees
Vert = £00 counts Disp= 1 Elapsed™ £3 sees

Energy Counts X-Ray Lines

0.50 163. Q K , O K , V L , V L , V L ,

V L

1.74 375. Gi K , Si K

Quantex)
0. OOO Rany.H= 10. £30 k.eV 1O., i 10

1nt ec ra 1 8 = 41
j. 3 - J u 1 -19 9 £ 1 3 : 0 4 : £ a

£5015,3-4.ft.#O6,RS Preset= iOO sees
Vert= £00 count-15 Disp= i ;!Ilapi5s2d:=

EnerLiy Counts X-Ray Lines

D K , 0 K , V L , V L , V L
V L.

Mg K . !viq K , Pis L . ME L

Si K , Si K

Ca K . Ca K

Ca K , Ca K

Fe K , Fe K

Quantex)
O.000 Range= 10.£3O.keV . • 10.110

Integral B = 319

1. £4

:L . 73

3. 69

3. 99

6. 39

4o:i.

1349.

3£7.

35.

181.



"l3-Jul-199£"i3:~£3:OO " : -

£5015, 3-4, ft, #££, RS
: = £00 counts Disp~ 1
Energy Counts X-Ray Lines

0.51 643. O K , 0 K
V L

1.£5 470. Mu K . Ma K

1.74 1318. Si K , Si K

3. 68 £95. Ca K . Ca K

Preset=
Elapsed=

V L , V L , V L

My K . Ps L , fix L

10O sees
SO sees

1 GO. Fe K ,

Quant ex)
0. 0 0 0 P. a n Q.E? -~ 10. £ 3 O k e V

13-Ju l-19-3£ J.3:5£:35

£5015,3-4,0,^38, RS
Vert" £00 counts Di-5p= 1

Knerny Counts X—Ray Lines

Jintenrai 8 -

Preset—

1C. i 1O

1OO !secs
30 sees

0.51

1 . £5

1.74

3.. &6

S. 39

5£3. O K , 0 K , V L , V L , V L
V L

318. Me K , MCI K , Ma K , fts L . Hs L

135. Si K . 3i K

1 :i.£. Ca K , Ca K

19£. ire K , F^ K

Quantex>
0. 000 -Range= 10.£3O keV 10.110

Integral S = ££9



4
S Lab

iple N0;

,
1 Jght D " /

Gypsum: Q Very I.iglH CD Lith« D

- rn> --
: : Modarale J3^ ; IJov^y D J VcryllavyCI

' MoJctalc Cl Heavy O Very Heavy Q



14-Jul-199£ Il:£3:~i4 . . . . . . . .

£5015, 3-4, B,*K>1, Bft presc?t= 100 sees
Vevt= £00 counts Disc- 1 Elapsed" -20 sees

Energy Counts X-Ray Lines

Mq K , ns L „ Qr= L1 - S3

1.. 74

3. £9

4.. 00

1030. i'lcj K , 1-fq K

3531. Si K , Si K

b4. K X , !-' K

B\&. Ca K . Ca K

57., Ca X , Ca K

Quant sx>
0.160 Ranne- 10.£3O
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14-Jul-199£ l i :3£:55 . . ' . . . . .

£5015, 3-4, B, #04. Sfi Preset= 100 sees
Vert = £00 count a Disp= 1 Elapsed-, £•':• sees

Energy Counts X-Ray Lines

i.£4 337. Mq K , Me K , A-3 L , rts L

1.74 1£56. Si K . Si K

3. 30 59. K K , K K

3.&9 £71. Ca K . Ca K

Duant ex>
O. 160 Ram-it^-- 10.. £3O kev iO.ETiO

.!. n '0 05 G V 5 i W ~

-'SOI 5. 3— ••;•, H, '!:f05. ii!-i PreBet~ 1OO 5/et:?i
VOT-C= £00 couvrta Disp^ 1 i£lcio-:-3ed-- cid sees

Erttjy-nv Go:. int. :: \ --9. f \ - . ' Li ne-i

.I. £3 689- h-lcj K , Mq i\ . flij K , Hs L , i'-!s L

j. .73 £445. rii P\ . Bi K

3.31 74. K K . K K

3., 70 41£. Ca K . Ca K

6. 41 ir.'53. Fe5 !< . r'e K

Quantex>
0.1 £0 Rsnrje= 10. £30 k&V 1O.£3O

Intearal 6 = . 4£S



. 14-Jul-199£ 11:35:08

£5015,3-4,B, ttO?:, Pfl Prese>t = 100 sec?*
Vert- £00 courvba Disp= 1 Elapsed- ' S8 sees

tYierny Counts X-Rav

1.S5 3O4-. Mq K . Mq K w i'lq K . fls L . fis L

1.73 3£iS. Si K , Si K

3. 31 90. K K , K K

3. 69 5c:9. Ca K , Ca K

34-3. Fe? K i he K

0. 16O hiano.e-- iO. i:30 keV iO. £3O
I i-'i 1" '£^ u r" <3 J. -3 — '•> i —•



14-Jul-1992 13:20:45

£5015,3-4,B,#21 Sft Preset= 10O sees
Vert" . £00 counts Oisp= 1 l£lapsed= i 1 sees

Energy Counts X-Ray Lines

1.23 314. Mn K . Ma K , Mq K , his L , rts L

i.74 ii£0. Si K , Si K

3.70 234. Ca K . Ca K

4.05 £9. 3c K . be K , Ca K r Ca K

b.'-i-i .1.B't« i-'-'e K ,

0. :i 60 Kant;ie= lO.d^O Kev

J. 4-J'.i 1-1992 13:54:4£

£5015,, 'S-4, B,-S29 ?H
Veri;= 300 coLints Disp- 1 . ii =ip'jiad== 19

t^ni^v-viy Co'.rnti; X —Ray I.;, no-?1.-.'.

1.24 620. Mq K . 'fia K . Hs L , MS L

i,. V4 Jic'A2. Si K , Si K

3,31 56. K K , K K

3. £S 7>0. Ca K . Ca K

4. OS 34. Sc X . 8c K . Ca K .. Ca K

5. 39 2S5. Fe K , Fe K

Quantex>
0. 1£O Ranges 10.230 keV 10.230

Intearai 6 - 4S1



14-Jul-199£ 11:38:49 .. . . . . • : '

£5015, 3-4, E, #06, SA Preset- 100 sees
Vert = £00 count* Disp- 1 £lapsad= £5 sees

Enertiy Counts X-Ray Lines

i'lq K , HS L , Pis L

Si K

Ca K

Ca K

1.

1.

*i fl

4.

£4

7 4

70

01

54

£:O3

51

7

4.

O.

4.

(•_-•

ivit]

c:- •:
».. > .L

Ca

Ca

K

K

K

K

8. 39

Gi u a r\ i' e x >
O. 160 Ranqe~ 1O.S30 keV JO., £30

i i - ' i •'..' <& y vv a 1 3 — 3 O 4
14 - J u 1 ••- 1 '3rj£ 1 3 : i 4 : 31!''

Vert— £00 counts Disc-- J. Elapsed— 16 sect
Fl' )•;*••: rr. '••.' C o u n t ii X — r: s y L.. i v: e r:^

1.£'5 6£0. Mq K . 'Wg K , Mq K , rts L , Ws L

1.74 £^56. b'i K . Si K

3. .*£ 76. K K . \\ K

3.6S 366. Ca K . Ca K

4.4'3. Si. Ti !< . Ti K

5. 9O 70. Mn K , i'in K

6.40 4£7. Fe K . Fe K

Quantex) 46. Fe K , Fe K
0.160 RanLie?" 10. £30 keV 10. £30

Intenral 8 = 347



'l4-Jul-1992 13:55:27..

£5015, 3-4, B, #33 SR Preset= 100 sec*
Vevt= £00 counts Disp= 1 Elapsed- 14 sees

iy Counts X-Ray Lines

1.25 £50. Mn K , Mg K , Ma K ,, Rs L , fls L

1.73 £244. Si K , Si K

3. 70 55 4. Ca K , Cs. \<

6. 4O £12. Fe K , f-'e K

7. 07 43. f"s K ,

viteav.a J. ti - ,'343
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-î '3£ 14:£S:43

£5015,3-4,C,05,FM Preset= 100 sees
Vert = £00 counts Disp- 1 Elapsed- 43 sees

Energy Counts X-fiay Lines

0.50 84 i, Q K , 0 K , V L . V L , V i.. .
V L

l.Oi 144. Ma K , Na K .. Zn L , Zn L , Zn L. ,
Zn i.

i. ££ 364. MD K . P'in IA . MLI f^ , rls !_ . fis !_

1. 74 i 76 i. fi K ., 'a I :\

S. ''•; 1 •'! 0 £. F EJ K . \~ & K

0.320 SaniL!G?= 10.23O keV iO. £3O
I n •!; e a r a I Q - 318



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TH - Tubular Morphology not sufficiently characteristic
for c lass i f icat ion as Chrysotile

CM • Characteristic Chrysoti le Morphology

CO - Chrysotile SAED pattern

CQ - Chrysotil.fi composi t ion by Quant i ta t ive EDXA

CHQ - Chrysotile Morphology and composit ion by
Quantitative EDXA

COQ - Chrysotile SAED pattern and composit ion by
Quantitat ive EDXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AO - Amphibole by random orientation SAED !shows layer
pattern of 0 .53 nn spacing)

AX - Amphibole by qua l i ta t i ve EDXA. Spectrum has elemental
components cons is tent with a/nphibole

ADX - AmpMbole by random orientation SAED and Qual i tat ive
EDXA

AQ - Amphibole oy Quant i ta t i ve EDXA

AZ - Amphibole by one Zone Ax is SAED

ADQ • Amphibole by random orientation SAED and Quant i tat ive
EDXA

AZQ - Amphibole by one Zone Axis SAED pattern and Quantitative
EDXA

AZZ • Amphibole by two Zone Axis SAED patterns with consistent
Inter-axial angle

AZZQ - Amphibole by two Zone A x i s SAED pat te rns , cons is ten t
inter-oxial anc le and Quant i ta t i ve EDXA

NAM - Non-Asoestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 25015 Client SCHAFER&ASSOC.

Sample No. SW-4 -4

Date 7 / 1 5 / 9 2

Total Asbestos Fibers 16 MFL

Chrysotile Fibers 0.2 MFL
Amphibole Fibers 1_5 MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 4.7 MFL

Mass {Chrysotile) 0.001 M9/L
Mass (amphibole) 24 Mg/L

More/Less than 5 Chrysotile
Fibers in Sample LESS
More/Less than 5 Amphibole
Fibers in Sample MOFE

Poisson 95% Confidence Interval 1 2 to 20 MFL

Detection Limit 0.2 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

0 3 8 4 8 47

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24

0 5 6 12 10

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9

24 23 14 6 1

.25 & UP

37

50 & UP

2

EMS LABO RATORl ES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TH - Tubular Morphology not sufficiently characteristic
for c lass i f i ca t ion as chrysotile

CM - Character ist ic Chrysoti le Morphology

CD - Chrysoti le SAED pattern

CQ - Chrysotile composi t ion by Quant i ta t ive EDXA

CHQ - Chrysoti le Morphology and composition by
Quanti tat ive EDXA

COQ - Chrysotile SAED pattern and composition by
Quant i ta t ive EDXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random orientation SAED ^shows layer
pattern of 0.53 nn spacing)

AX - Amphibole by qual i ta t ive EDXA. Spectrum has elemental
components cons i s ten t with amphibole

ADX - Amphibole by random orientation SAED and Qual i tat ive
EDXA

AQ •• Amphibole by Quant* ta t ive EDXA

AZ - Amphibole by one Zone Axis SAED

ADQ - Amphibole by random orientation SAED and Quanti tat ive
EDXA

AZQ • Amphibole by one Zone Ax is SAED pattern and Quantitat ive
EDXA

AZZ - Amphibole by two Zone Ax is SAED patterns wf tn consistent
inter-axial angle

AZZQ - Amphibole by two Zone Ax is SAED sattems, cons is tent
in ter -ox ia l anc le and Quant i tat ive EDXA

NAM - Non-AsDestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 25015 Client SCHAFER&ASSOC.

Sample No. SW-5 -4

Date 7 /14 /92

Total Asbestos Fibers 0.3 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 0.3 MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 0.1 MFL

Mass (Chrysotile) _ *BDL
Mass (amphibole) _ 0.7 __ \ig/L

More/Less than 5 Chrysotile
Fibers in Sample _ LESS _
More/Less than 5 Amphibole
Fibers in Sample _ LESS _

Poisson 95% Confidence Interval 0.03 to 1_ MFL

Detection Limit 0.1 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 & UP

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

1 0 1 0 0 0
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TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TH - Tubular Morphology not sufficiently characteristic
for classification as chrysotile

CM - Characteristic Chrysotile Morphology

CO • Chrysotile SAED pattern

CQ - Chrysotile composition by Quantitative EDXA

CMQ • Chrysctile Morphology and composition by
Quantitative EDXA

COQ - Chrysotile SAED pattern and composition by
Quantitative EDXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random orientation SAED !shows layer
pattern of 0.53 nn spacing)

AX • Amphibole by qualitative EDXA. Spectrum has elemental
components consistent with amphibole

ADX • Amphibole by random orientation SAED and Qualitative
EDXA

AQ - Amphibole by Quantitative EDXA

AZ - Amphibole by one Zone Axis SAED

AOQ - Amphibole by random orientation SAED and Quantitative
EDXA

AZQ • Amphibole by one Zone Axis SAED pattern and Quantitative
EDXA

AZZ - Amphibole by two Zone Axis SAED patterns witn consistent
inter-axial angle

AZZQ • Amphibole by two Zone Axis SAED patterns, consistent
inter-oxial ancle and Quantitative EDXA

NAM - Non-AsDestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 25015 Client SCHAFER&ASSOC.

Sample No. SW-6-4

Date 7 /17 /92

Total Asbestos Fibers 330 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 330 ~

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 59 MFL

Mass (Chrysotile) "BDL lig/L
Mass (amphibole) 550 jag/L

More/Less than 5 Chrysotile
Fibers in Sample LESS
More/Less than 5 Amphibole
Fibers in Sample MORE

Poisson 95% Confidence Interval 270 to 380 MFL

Detection Limit 2.5 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

14 18 10 24 66

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24

0 7 2 0 2 6 1 4

Aspect Ratio L/W
0 - 9 . 9 10 -19 .9 20 - 29.9 30 - 39.9 40 - 49.9

4 9 4 7 2 1 9 . 2

.25 & UP

65

50 & UP

4
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TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TH - Tubular Morphology not sufficiently characteristic
for c lass i f i ca t ion as Chrysotile

CM - Character ist ic Chrysotile Morphology

CD - Chrysoti le SAED pattern

CQ • Chrysoti le composition by Quant i tat ive EOXA

CMQ - Clirysotile Morphology and composit ion by
Quantitat ive EOXA

CDQ - Chrysotile SAED pattern and composition by
Quantitative EOXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AO - Amphibole by random orientation SAED !shows layer
pattern of 0.53 nn spacing)

AX - Amphibole by qual i tat ive EDXA. Soectrum has elemental
components consistent with a/nphibole

AOX - Amphibole by random orientation SAcD and Qualitative
EDXA

AQ - Amphibole by Quant i ta t ive EDXA

AZ - Amphibole by one Zone Axis SAED

AOQ - Amphibole by random orientation SAEO and Quanti tat ive
EDXA

AZQ • Amphibole by one Zone Ax is SAED pattern and Quantitative
EDXA

AZZ • Amphibole by two Zone Axis SAED patterns witn consistent
Inter-axial anqle

AZZQ • Amphibole by two Zone Ax is SAED aat terns, consistent
inter-6xial ancle and Quant i ta t ive EDXA

NAM - Non-Asoestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 25015 Client SCHAFER&ASSOC.

Sample No. SW-7-4

Date 7 /16 /92

Total Asbestos Fibers 94 MFL

Chrysotlle Fibers *SDL MFL
Amphibole Fibers 94 MFL

> 5 Micron length {Chrysotile) *BDL MFL
> 5 Micron length (amphibole) 3_0 MFL

Mass (Chrysotile) *BDL \igiL
Mass (amphibole) 420 \ig/L

More/Less than 5 Chrysotile
Fibers in Sample LESS
More/Less than 5 Amphibole
Fibers in Sample

Poisson 95% Confidence Interval 72 to 120 MFL

Detection Limit 1.5 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length • Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

0 5 12 5 6 35

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 & UP

1 2 4 9 3 4

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

24 20 14 1 1 3

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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15-Jui-199? i6:37:58
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L 0.230 k.E?V 10.230
3.'nteir:ri?.l 0 - ::i;j397

Pr^esei-^ i. 00 oitcs
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K -OK . V U . V L. •. V L .
!L_

K . ML, K . f-ls L „ [-'IB L.

K , Si K

K , Ca K

K , Ca K

K , Fe K

10.230 keV 10.230
Integral 0 = 30245
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TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TH - Tubular Morphology no: sufficiently characteristic
for c lass i f i ca t ion as Chrysotile

CM • Characteristic Chrysotile Morphology

CO - Chrysotile SAED pattern

CQ • Chrysotile composit ion by Quant i tat ive EDXA

CMQ - Chrysotile Morphology and composition by
Quantitative EOXA

CDQ - Chrysotile SAED pattern and composit ion by
Quantitat ive EOXA

NAM • Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random orientation SAED 'shows layer
pattern of 0.53 nn spacing)

AX - Amphibole by qual i tat ive EDXA. Spectrum has elemental
components consistent with amphibole

ADX - Amphibole by random orientation SAED and Qual i tat ive
EDXA

AQ - Amphibole by Quant i ta t ive EDXA

AZ - Amphibole by one Zone Ax is SAED

ADQ • Amphibole by random orientation SAED and Quantitat ive
EDXA

AZQ - AmpMbo'.e by one Zone Ax is SAED pattern and Quantitative
EDXA

AZZ - Amphibole by two Zone Ax is SAED patterns witn consistent
inter-axial angle

AZZQ - Amphibole by two Zone Ax is SAED sat terns, consistent
inter-oxial ancle and Quant i tat ive EDXA

NAM - Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 25015 Client SCHAFER&ASSOC.

Sample No. SW-8 -4

Date 7/17/92

Total Asbestos Fibers 310 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 310 MFL

> 5 Micron length (Chrysotile) *BDL MFL
> 5 Micron length (amphibole) 45 MFL

Mass (Chrysotile) *BDL \ng/L
Mass (amphibole) 3£0

More/Less than 5 Chrysotile
Fibers in Sample LESS
More/Less than 5 Amphibole
Fibers in Sample MOFE

Poisson 95% Confidence Interval 240 to 390 MFL

Detection Limit 4.5 MFL
* BDL : Below Detection Limit; MFL: Mi.llion Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49

0

O - .04

0

0.50 - 0.99 1.00 - 1.49

4 12

Particle Width
.05 - .09 .1 - .14

1 1 2

1.50 - 1.99 2.00 - 2.49

11 13

• Microns
.15 - .19 .2 - .24

16 8

2.5 & UP

29

.25 & UP

32

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

31 27 6 2 1 2

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065



1 '•; fi/l A ° D r? ̂ TY »°LV1 >£> . j H_ .

EMS Lab No.__ J
Client s"( h

.ILTEk . ..£/AX^.,.,

o..
MOV960

MCE/960 j j ORJD

METHOD OF ANALYSIS

EPA Yam»lc Level I LJ/

UvellllEJ

Level III (~~1

AHI£RA

ASPECT RATIO 3:1

-42^

LENGTHS
~AH Sins (EPA) O TYPEOFSAMPli PORE SITE

SoilO WipeLU 08j»nCl]|

Bulfcl_| Other dl .1 |«nl

Dufl/Microvac I J J2|m| |

O.O. Area (nan2) 0.0.

No. of G.0.10 Analyze

DIRECT PREP ^

INDIRECT PREP I.. J

PCM Range*

3:1,1—J "*£££££

Volume

Wotting Voli

Weight ,

Ashed Area

Iben
! j" ml

_grami

%

Gild opeplnq Sir * Sir

^-C ncpwcd By_£CL_
Dimensions (mm)

Width ^*Mi«»

Rber Classification

NAM TM CM CO CO CMQ IF AD AX ADX AQ ADQ A2Q AZZ

Grid Address

Screen Magnificaliaa

Camera Const am

Accelerating VolUge

I3eam Current ^±r^_

hfa
EDS Analysis

Si Ca Id Comments

i-:
^5

jz.

&.
J.L

if

£.

£.
£

I

sz

TYf hi D 0

^ /
^g 6".

J. ±=. ±£ v/

3£
H 30
£

L
OBSERVATIONS:

Debris: D

Gypsum: D

OiherG

VefyLigU D

VoyLighl D

light "&

Ugh* LJ

Modertkrti| Heavy G Very Heavy U

ModcnUc LJ Hc*vy Q Vety Heavy G

n AA/^ ^_.



ASJB
EMS Lab No 1
Client -

K r

MC&3S3

MCN7960

MKROSCOPE

MeniOO OF ANALYSIS

U*«llllZZ]
te»Tl Ill I I
AHERA CD

• LENGTHS
~AUSbc*<EFA) U TYreOFSAMrLE PORE SOX

I AirLH Water L2J (MS*.

,CI **P **P

INDIRECT fREr

fi*»

Wetfta

AdwdArca
ASPBCTRATW 3:«O 5,1 CU ̂ iT,̂  <«**««-«» OO.C.&Z » ,-y,

Ho. of G.O. to Aaatrxc 2-0 •! PRtwcd By rX?"

GRID

GridAAhen . :rr£_
W«tiotVotaw:__5L_. .ol K CmenCbuual

frtna V Accdcmiof VolUfc

Gridjpponlncj

^

' -^

^ "l
f/3- ^
v^x

1

Str *

"2.^
^^>

^Z-'H*
L?&

2^^Jo
i_T./
^2^

3̂̂
•JL^
^>-
^>£L_
"̂ 2.
<%£

^2i
_^/U
Mf
frl?

\̂  ^^

A^U
1 I f^"""~

£ (̂̂

(A^P

Str

F
F
F
F
r"
P
F
f-
r-
r —

_tr.
F
F
F
F
r-
I™

F
:̂

j=
F-
H

Dimensions (mm)
' Width

3^

i *^

^1^4-
t i
h
"2>
•2-
H

f
s*
-̂
<-?-
&*£
r>
*<a?
*2~
-2-
(">
-̂
2--

fn

Langth
-•££>

( ^2 ̂ v
l^o^
Cf(^~
^o.
<7<

f /
'Q~c>

7(2)
f V"
T-e)
/ /

^ )̂
*"&[£*
7^O^
Mr:
TYu^
^Q"pO
\^f

• '3o
h^T

. UBSERVAT ONS: ckmT.

Fiber Classification
NAiyi

V/
I/

\/
*/

•
^/

/̂

^/

i/

\S

v

TM

^

CM CO CO CM3 TO If

\
i

;SsS

AD

--

AX ADX AO

v/

y

tx

ty
v
<s
s

w,--

>/
1(/-
yX

,/

ADO

/

.

AZQ

•

AZZ

^ • -

EOS Analysis
Mi "3

-̂

^

Si

/^

/O

Ca

-z

^

-

F«

^

/

Id Comments '

T&fao 6 Vt
7 ^^,06'̂ -

^/^ ^ -/v^ /n o

f ' P-f 7-/0MC)
•

\T*Pfr}<y(j-*iL
TvywoCK
~~fV/rr>p (/*>?„
TfSfr Dfr*,

*7V)2/y706'>T-
-7V77 m«j6'^.

7 V/ *i ^ 61t_

*lVJn\DC\
.

DcbmrG
Gypsum: G

OihwG

VoyUfhcD Light G Modcn-c G He*vyG Voy Heavy G
Lifht G Modcnie G Hcwy G VcryHovy G

1 3 »VA ^-\



'•_•* 11 A C > r-»
--- > 1 ' -- » * »ylu HLTER TYPE/AREA <W)

^^siptewo.

MICROSCOPE
«OQA

| METHOD OF ANALYSIS

LENOmS DOtBCmEF

TYPeOF SAMPLE
I" "~"l

Q WipeO aj|»

OWD

Sofl

, =1 2IOXJ I
AHERA I 5 -^

a t 1 •GW5=m«a*k.
5:1 I I &*£?•..*»

~fc-_> — — — «. -._.• *• f™^1

Dad/Micro«ac(_J -22|M
_0*er

r • f—

0JO

No. of G.O.M Analyze

Glcrz
W«tfa«Voh«_5L_. .ol E
T«f • 1 . .,.,.. ^"^yo^»^ _ - - - , . - ._ _ ^xvm

I—}M AOaaSAaa %

-fl
OrMAddrcn . fr^

HUlielI
HUIZJCO

ty__£G:.

Grid opening
/ j)

1

Sir tf

U.9
s"o
3"7

-^2^-
C^a-

Sir
fZ

pr:

F

;̂̂

Dimensions (nun)
Width

h
\ !_.,>

<&
•*=%
•3?--

Lwigth

y^x
I Y
£\k

C~&
*-*

Fib«r CtassHicatfon
NAM

\/
l/
\s

,

^/

TM CM m nn r?jn m IF

i —

I
rrii .'

-^

An

',-.

AX Anx AQ Ann A?n

-

A77

EDSAndysis
Ni Mq Si Cat

-

F» M Commarrts

TY^n^t^

-

. OBSERVATIONS: ae»Lj
Debris: U

Gypsum: D

VoyLighlD
LijhlLl

Modcme G HewyG Voy Heavy LJ
I4odcntc U ' HcnyD Ve*y Heavy Q

Other



14-Jul-199£ 10:37:09 -'• •••- • ••-•••- • -: • - • • '- -•* ,:>-̂ :.

£5015,8-4,ft,#01,RB Preset= iOO sees
"t = £00 counts Disp= 1 El«=tpsed = 15 sees
Energy Counts X-Ray Lines

0.51 589. 0 K , Q K , V L , V L , V L ,
V L

l.£6 451. Pig K . Pin K . I'in K , As 1_ .

1., 73

451.

130£.

40.

£08.

lyin

Si

K

Ca

K

K

K

K

• MR

, Si

, K

, Ca

K

K

K

K3. 69

£.39 1££. Fe K , Fe K

0.ISO Ranqe- 10.£30 keV 1O.£30
I vitistrral a - £47

i. 4 -• J u 1 -19 9 £ 10 : 3 3 : 0 S

£5015. ti-4, ft, ttO£, R£ Preset= XUU sees
Ver';- £OO counts Diso- 1 Elapsed- 3O -be

Eritvri:;y Courirs X — F^-v.y Linss.

0.51 107. 0 K , 0 K . V L , V L , V L .
V L

l.£4 8£. Ma K . Mq K . HO L. . Os L

1, 49 63. Hi K , fti K

1.73 173. Si K , Si K

Quantex> •
0.160 Range= 10.£30 keV 1O.£3O

Integral 8 = 37



14-Jul-199£ 10:40:07

£5015, fi-4, ft, #03, RS Preset^ '100 sees
Vert- £00 counts Disp= 1 Elapsed=. &£ sees

Energy Counts X-Ray Lines

0.51 193. 0 K , 0 K , V L , V L , V L ,
V L

1.74 4O1. Si K , Si K

Quantex>
0.1 &0 R a n g e ™ 10, £30 kf?V 10.23O

I n t e q r a 1 S — 47
I4~Jul- .L99£ 10 3 43:.15

E5O15. 6--4. ft. #O4. RB Preset-- lOO t-ac
Vert= 500 counts Disp= 1 £Iapsed= 3'3

Enerpy Courit s X-R^y L ir;es

0.5.1 " 594. 0 K , D K , V L , V L , V L
V L

1.24 34S. Mq !<• . Me K , Os L ,

l.74 13Si. Si K , Si K

3.G7 1O7. Ca K , Ca K

c.. 40 145. Fee K , Fe K

Quant ex > • • . ...
0.160 Range= 10.£30 keV 1O.S30

Integral 8 = £££



14-Jul-133£ 1C:46:56

£5015,3-4, ft, #05, RS Preset = . 1OO sees
t = £00 counts Disp- 1 Elapseci = . 46 sees
Energy Counts X-Ray Lines

, V L , V l_ , V L ,

K . Pis L . As L

0.

1.

i ,

1 .

3.

6.

50

£5

47

73

3i

4 3

656.

373.

17-5.

1016.

157.

£4ft.

0
V

Mg

si I

Si

K

F e»

K
L

K

K

K

K

K

, D K

. Mq K

i H i K

, Si K

. K K

. re K

i Jlu. ant ':?x>
0.5.60 F?ani:ie= 10. ;?30 keV iO.,:J:30

••= 309



14-Jul-199£ 11:31:57

£5015,6-4, ft, #31, R3
Vert- £00 counts D.lsp= 1

Energy Counts X—Ray Lines

0.51

1.25

1.7<+

3. 70

340. U K , U K , V L
V L.

199. MLJ K . Mi:.| K . Mq K

705. Si K , 3i K

133. Ca :•< . Ca K

-WORNING-

, V L

L

100 cecs
45 sees

0. l&O 10. £30 k^V £3O



14-Jul-199£ 11:37:55 . • - ...... •

£5015. 8-4, ft, #3tf, RB Preset = 100 sec?5
Vsi-t= £00 counts Disp= 1 Elapsad- £4 sees

y Counts X— Ray Lines

0.50 100. 0 K , U K , V L . V l_ . V L
V L

l.£S 111. i'l:? K , ML) K , !7'iq K , Hs L , HS i_

1.74 326. 3i K > Sj. K

3. 70 9£. Ca K , Ca K

6. 41 33 J r'-'e K , Fe K

0. ISO Range--- 10. £30 HeV . ID. P30
I vrt c? a va i G -r i £ i



Client.
Sanipfc No. _5> V\L/_

. JLTEk . . . — n7)

MCEOSSCTJ
MOV96oC~j|
MCE/9601 _ |j

MICROSCOPe
tt'

GRID

LENGTHS

I METHOD OF ANALYSIS
~AIISbc»CEI>A)LJ] FORE SITE

*****" !J isiCD **LI OU»O -l|«
UvcllllLJ ilOflCI ttrtfcwwcD :Z2|~
AHERA.LJ PCMR.oje-0 OAerL

ASreCTRATSO liO 5:1 Q "S^^SS aO.A«a(«a>J ftfl
No. of G.0.10 Analyze

l-̂ ppnxcd By ._ Dale HhcrLolNo.

DIRECT PREP|__
INDIRECT PRErl.J

Volume ben
Waiting Volume: .al

mil IE I I
11111236(33

GridAodrcn . . |~~-P^
Screen Micnifiatiaa _L

Acodeming Vohoa« D

—\£L-
JQO.K.V_

Grid opening

.

-

-

5~H

Sir M

&(

<97
JT?>
J)*\
-iP>
-flfi
-il?~7
_£>$

/^J /
J2*_

IH
4S1_
Jfc
1,7

"FT3^?
^--tf7 '?
r2?1̂

Sir

P̂

•P^V
—̂ -

p
f~
EL.

fe-
E:

\r

^
p-

1 ^
.—

Dimensions (mm)

Width

h'1f ^7
7

f <Ti> ^
IT

fz-.
"̂ 2,
^~

^
-̂

7^.

-̂t^~

.̂S"

,̂

, •
'r=^~

• ^
-z~
*y

t~

^. OBSERVATIONS:

Length

ĴOO

bn
c?Q

1 7^
^7 ^^
tf1*^ ** 7

H f

^A
fgC

-c^=

"̂
~YcF
'Z-tC?

f cT
îf

"̂ ~
%<^
^7
^77
b^
*UC>

Fiber Classification
NAM

£-~

TM
—

CM CD CD CMO JJU IF

1

^

AD AX ADX AQ

\/

I/
V
,^
^/
I/
yx

\*sf

IX

L/
If/

^x
/
,

' ^
/

ADO

-"

A2Q A22

EDS Analysis

Mi Mq

"̂ 7

-̂z,
•2>

•2,

7J-

•^

si

(f)
fa
W
{(0
(0

(G

~w

lo

Ca

^,

?̂

*2,
(

%

I

^

R.

X

^

(

f

|

.

Cle«G _ /-- -1̂ " *
DeMcG VetyLigNQ Ufhc G Moderate til Heavy U Voy Heavy U

Id

^

Comments ^
~* « * *

££>£ T*~~~f..-£tf
B/̂  -. .
^r/X, ,

T^CUKL..-^
^/p^ ^ -̂ *"" ~^

*^z__-^
— C_ ^ -H

SA&-. ^ —
/-" A P .^- "j-'f hJ'~-r+

— -̂

//^Of^fe.
££& •

_^, ,

— v^t.

c-e ^ .

-x —

-T '

^N-t- — -

Other G
VoyLi|hlD LJ Modcnte G ' Heavy G Very Heavy G



Client.
O___ I-

-U.TE. •E/

/LENGTHS

MCE/MS
MCN/960

MCE/96DLJI

METHODOFANALYSIS ~A« Sb-MEPA> U ™«*M«. •«««_
— _ . „ I I (|m)20J I | ^^!=! ****!=
EFAYaoMeUvdlLJ ^.-l~l Sofll I Wipel

DIRECT PREPl
INDIRECT PREP I ..J

iU>

te»d III i 1
0*er B J~Q Volume

a
5:1 f~l ""Ŝ î M aO-AwKsaa1* ftO

No.oTG.O.NiAnalyie

AAedAm.

GRID

l-i ,cr
ouAadrexx . .
Screen Magnification
CmaenCamUi* ~___
AcodcrMing Votu«c 100 KV

GmeM p

— )i

RrcpAvco By
K|̂ av«cuny

Grid opening

^ .

—

Sir *

$$^
<7Q>

2-^7

77
4^

Sir

f-
p-

^-f-p

»ae KhcrLoiNa. •• •§ AnJn. D^

Dimensions (mm)

Width

<Qs
<7^.
*2?
£t

&

Length

Q&o
L^f^^^

»*•% -̂ ^

*Tt9
^2_,o

Fiber Classification
NAM TM CM CD CO CMQ CD3 IF

i

i

~«J

An AX ADX AQ
^
-^
w-

^
^

ADO A7O A77

OBSERVATIONS: cie»G
Debris: G VoyLigM G UghC G Moderate G Heavy G

Gypsvnc G VoyUfM G Ugb* G Modcnue G Heavy G

OtfwG

EDS Analysis

Mi Mq Si

in
Ca

$

Fe Id

VcryHcmy G

Voy Heavy G

Comments <

^(^x- V/'XC«:-T,/?
v - —

, C^~- -

|_ - .

\^_ ^ t
^ , ..

|

1

' . • ' -•
'

;

|

.



16-Jul-199£ 17:34:21

£5O15, 6-4, B. 15. Fh'i pre.&et = , 100 sees
Vert= 5OO counts Disp= 1 Elapsed= 37 an

Energy Counts X-Ray Lines

0,51 166b, 0 K , G K , V L , V L . V L .
V L.

1119. Mn K , Me K . Mn K , f:lE t_ , fie L

i ., ; >j ,-i .' I1' I - -̂' i I'''. i •--' J- ' '••

3. 33 'iiO. K K . K K

Fe K . Fs K

R a n p e — :<. O. c.' 3 0
Int aq'ra

1S-J'.i I - i. 9'3£ 17:46: OO

£5O1'5, B-4, B, £5, f-M Preset.- iOO i»ec«
Vert= £OO counts Disp- 1 tilapsed-- 56 sec^

Energy Counts X-Ray Lines

0, 5£ 395. 0 K- , U K , V L , V L , V L. „
V L

l.£5 £63. MD K , Mn K . Fig K .. fiti L

1.73 867, Si K . 3i K

3.7O 147. Ca K . Ca K

Quantex>
• O. 3£0 Ranrje- 1O. £30 keV 1O. £30

Integral & .- . 149 -



16-Jul-199£ 17:15:56

£5015, 8-4. 6, O9, FM Preset=' 100 sees.
= 500 counts Disp- 1 Elapsed^ 36 sees

Energy Counts X-Ray Lines

O.51 ££05. IJ K , Q K , V L , v L , V L .
V L. -;•

1. £lj 171&. !vit| K , MD K ,. Fin K . H=; L.

.1, '/'+ 'tbO•'•!•. Si K . Si ^

3.&S U63. Ca K . Ca K

4, 04 17':). ::k: ;\ , l;a K ,,

B. 4O 3J.S. Fe K , i:e K

ly.U5.iTC S/(/

0. i'ci.'0 KariLit?1-
l vi 112 n v- a J. a •— 10 3 -~1

E5O15, a-4, E, il, F-M .Preset--- iOO sees
£OO counts Disp-- 1 Elapsed- 51 -sees

Energy Counts X-Ray L i r i e s

0.51 3G'̂ . (J is , D K , V L , V i_ ,
V L.

l .£4 5415. Mn K . Cm K . PIB L. . fiti i_

1.74 1£37. Si. K . Si K

Quantex)
0.320 Ranqe- iO.£3O ke?V 10. £3O

Integral 8 = 193



lG-Jul-199£ 17:07:51 £5015, S-4,B, 05, FM

EiMErtGY COUNTS X-RftY L.uMfc.3

0. 51

1. £5

:? . 70

4. 0

3 O2 4.

4 1 £ 3 .

ic:165.

.

0 KMJ., O Kfl£,. v L.P.1* V LP;5, v LBi, V LG1

rlq i<H.l, flu Kfi£, i'''lq Ki.il, rts Lfl 1, Ps LP.£

Si K A i . Si Kficl

b Kwi, S Kfl£

K Kfti, K KH£

Ca Kftl, C.s KHi2

Ga KB1, C a ' K B C i

FE? KWI, ive Kfla

i 6—J u J. — 1 392 1 7 : 1 i t 36

£5015, 6-4, B, Ofc, FM
Vev-t= 5OO

t" n e v- r; y C o u v: t s

n

Disp= 1
X-Rc-.v Liner-;.

, 0 K

1. S4

J.. 74

3.69

6.40

•^i-jy. nil K . Mo K

. £>£O. oi K , oi K

167. Ca K , Ca K

177. Fe K , Fe K

V L

Preset-
Elapsed--

V L

i 00
47

V L

As L , Pis L

'G!uantex>
0. 3£0 Range= 10.£30 keV 1C. £30

Inteoval 8 = £37



16-Jul-19'3c: 17:06:14 . . . ; ...:

£5015, 8-4, B, 04, FM Preset= 100 sees .-
Vert= 5OO counts Disp= 1 Elapsed= 37 sees

Energy Counts X-Ray Lines

0.51 695. 0 K , 0 K , V L , V L . y I- ,
V L.

!.££. 47£. F'iq K , Mg K , Mq K , fts L , Os L

i.73 1456, Si K . Si K

3. 70 £53. Ca K , Ca K

B, 41 £68, Fa K , !-e K

Quantex)

Intearai 6 = 344



j. fc-j'i.i J —i i<3S i 7 : 00 S—4. B, 0£. rf>' i

r-i -:.

j'j. ,V^ :M :i i , i'"'.=

:

c:5O i, . •• ' 6,
) i. s LJ -

A ~

E»ec: [
•:. o c •

1 .

J.

4.

6.

//I.

0 3

4 1

/./

1907.

2 1 '7 -

749,

î iz;! f\ . i'

Si K , Si K

Ca K . Ca K

Ca K , Ca K

Fe K Fe K
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'S6.

681.

. ' 92.

421.

s X-rtay

;-ri , . \jl'iM i\

S i K .

K K ..

Ca K .

Sc K ,

Fe K ,

*"" J.

L i vifevi

i''lc( !< ,

Si K

K K

Ca K

Ca K

Fe K

Fe K

. 230 keV

- 1
L. i v:eE

i''! i j ;< ,

Bi K

K K

Ca K

Sc K ,

Fe K '

lO. £30
'i t e g v a i 8 - 4 O 4

PreGtst= iOO tiecs.
Eiapssd= £2 sees

Quantex) .
0.160 Range= 10.230 keV 1O. 230

.•'..:.•:•-.:.. . Integral B = 577 /.-,



17-Jul-139£ 10:07:01 £50J.5-3-4, C, ft05, SP

rlNERGY CGUNT3 X-RAY LIMES

0.97 59. Zn Lftl. /in uft£

1,^5 i.rJ.'vl.. ho KAi- Ma KH£. :''iii Ki-il, i'Vs LAl. ft-s i_ft£

l. 74 5755. Si Kfi .X „ y?.

£•

vJj •

vi J

4.

4.

6.

7.

34

31

63

OS

133

40

OS

•VJ.

170.

834,

1 0 5' .

33. '

63&.

85.

•-}' t"\ i- 1 i .1

K KAi.

r:^ ;<MU

Sc Kfti,

Ti KAi,

Fe KAi,

i~ s K î ' .1 .
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TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TM - Tubular Morphology not sufficiently characteristic
for c lass i f icat ion as chrysotile

CM • Character ist ic Chrysotile Morphology

CO - Chrysotile SAED pattern

CO • Chrysotile composit ion by Quant i tat ive EDXA

CMQ • Clirysotile Morphology and composition by
Quantitative EOXA

COQ - Chrysotile SAED patterr and composition by
Quanti tat ive EDXA

NAM • Non-Asbestos Mineral

TABLE 4, CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AO - Amphibole by random orientation SAED [shows layer
pattern of 0.53 nn spacing)

AX - Amphibole by quali tat ive EDXA. Spectrum has elemental
components consistent with amphibole

AOX • Amphibole by random orientation 5AED and Quali tat ive
EOXA

AQ - Amphibole by Quantitat ive EDXA

AZ - Amphibole by one Zone Axis SAED

AOQ - tonphibole by random orientation SAED and Quant i tat ive
EDXA

AZQ - Amphibole by one Zone Ax is SAED pattern and Quantitative
EDXA

AZZ • Amphibole by two Zone Ax is SAED patterns wf tn consistent
inter-axial angle

AZZQ • Amphibole by two Zone Ax i s SAED patterns, consistent
inter-axial ancle and Quantitative EDXA

NAM • Non-AsDestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 25015 Client SCHAFER&ASSOC.

Sample No. SW-11-4

Date 7 /17 /92

Total Asbestos Fibers 0.2 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 0.2 MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 0.1 MFL

Mass (Chrysotile) _ *BDL
Mass (amphibole) _ 0.3

More/Less than 5 Chrysotile
Fibers in Sample _ LESS
More/Less than 5 Amphibole
Fibers in Sample LESS

Poisson 95% Confidence Interval 0.02 to 0.8 MFL

Detection Limit 0-1 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length • Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

0 0 0 1 0 1

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 & UP

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

1 1

PN/I.C: I ARr)RATnRIF5=: 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TH - Tubular Morphology not sufficiently characteristic
for c lass i f i ca t ion as Chrysotile

CM - Characterist ic Chrysotile Morphology

CO • Chrysotile SAED pattern

CQ - Chrysotile composition by Quantitative EDXA

CMQ - Clirysotile Morphology and composition by
Quantitative EDXA

CDQ • Chrysotile SAED pattern and composition by
Quant i ta t ive EDXA

NAM - Non-Asbestos Mineral

TABLE 4, CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random orientation SAED !shows layer
pattern of 0.53 nn spacing)

AX - Amphibole by qual i ta t ive EDXA. Soectrum has elemental
components consistent with amphibole

ADX - Amphibole by random orientation 5AED and Qual i tat ive
EDXA

AQ - Amphibole by Quantitative EDXA

AZ - Amphibole by one Zone Ax is . SAED

ADQ - Amphibole by random orientation SAED and Quantitat ive
EDXA

AZQ - Amphibole by one Zone Ax is SAED pattern and Quantitative
EDXA

AZZ • Amphibole by two Zone Ax is SAED patterns wftn consistent
Inter-axial angle

AZZQ - Amphibole by two Zone Ax i s SAED patterns, consistent
inter-oxial ancle and Quanti tat ive EDXA

NAM - Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 25015

Client SCHAFER&ASSOC.

Sample No. EMS BLANK

Fibers (chrysotile)

> 5 Micron length (chrysotile)

Mass (chrysotile)

More/Less than 5 Fibers
in Sample (chrysotile)

Sensitivity Level

Date Analyzed 7 / 1 3 / 9 2

ND

ND

LESS

0.03

MFL

MFL

ug/L

MFL

Particle Size Distribution ( Chrysotile )

O -0.49

0

Particle Length - Microns

0.50 - 0.99 1.00 - 1.49 1.50 - 1.99

0 0 0

O - .04 .05 - .09

0 0

Particle Width - Microns

.1 - ,14 .15 - .19

0 0

Aspect Ratio L/W

0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9

0 0 0 0

2.00 - 2.49 2.5 & UP

0 0

.2 - .24

0

.25 & UP

0

40 - 49.9 50 & UP

0 0

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 25015

Client SCHAFER&ASSOC.

Sample No. EMS BLANK

Fibers (chrysotile)

> 5 Micron length (chrysotile)

Mass (chrysotile)

More/Less than 5 Fibers
in Sample (chrysotile)

Sensitivity Level

Date Analyzed 7/1 2 /92

ND

ND

LESS

0.03

MFL

MFL

ug/L

MFL

Particle Size Distribution ( Chrysotile )

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99

0 0 0 0

O - .04 .05 - .09

0 0

2.00 ^ 2.49 2.5 & UP

0 0

Particle Width - Microns

.1 - .14 .15 - .19 .2 - .24 .25 & UP

0 0 0 0

Aspect Ratio L/W

0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

0 Q Q 0 0 0

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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